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INTRODUCTION 


This is a companion document to Volume I, NASA CR-121103, "Final Report". 
The appendixes contained herein supplement the technical discussion in that 
docume nt. 

Appendix A is a description of the TATE (Tank Arrangement Thermal Efficiency) 
computer program. The results of the TATE analysis were discussed in Sections 
1,1.2, 1.2.3, 1.3.2, 1.3.5 and 3.2 of Volume I. 

Appendix B contains the detailed results of the Vehicle Structure Evaluation for 
the ten preliminary designs. Vehicle configurations and dimensions are shown. 
Tabulated weights for various construction methods and materials are presented. 
Structural concept weights are summarized in tables which include end attach- 
ment weight adjustments. The material in this appendix supplements the discus- 
sion and summary charts of Section 1.2.3 of Volume I. 

Appendix C presents a description of the meteoroid environment, derivation of 
the earth -mars trajectory for this study and the entire quantity of design curves 
developed from the test data of this program. This material supplements the 
discussion of Sections 1.2.3 and 1.3.4 of Volume I. 

Appendix D contains the detail design drawings and a discussion of the ten 
vehicle preliminary designs. These results were summarized in Section 1.2.3 
of Volume I. 

Appendix E contains the temperature data obtained in the thermal performance 
tests. This appendix also contains a description of the thermal model used in 
the analysis of results and gives the temperatures predicted for each test case. 
The test results are discussed in Section 2,2.3 of Volume I. 
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APPENDIX A 

TANK ARRANGEMENT THERMAL EFFICIENCY COMPUTER PROGRAM 


This appendix discusses the construction and operation of the TATE program used 
to derive optimized weights for tanks, insulation, propellant vapor, helium and 
helium tank. The results obtained through use of this program were described in 
Sections 1.1,2, 1,2.3, 1.3.2, 1.3.5 and 3.2 of Volume I "Final Report", 

NASA CR-121 103. 

The program was designed to arrive at a least weight case for any vehicle con- 
figuration through an iterative random search process where search limits were 
narrowed after evaluation of every 2000 cases. This process was continued for 
10 iterations or a total of 20,000 cases. A computerized search technique was 
necessary in order to find optimum values of multiple, independent variables, 
each with arbitrary constraints. 

The program randomly selected thicknesses of insulation for all locations on a 
given vehicle and calculated heat flow to the cryogens. Two mission phases 
were considered, ascent and coast. Ascent heating included the effects of 
residual purge gas in the MU (Multilayer Insulation) and higher temperatures due 
to near earth environment and random orientation. A thermal balance was main- 
tained, therefore, heat could flow in or out of the propellants. The program 
calculated tank pressures and determined the critical point of the mission, i.e,, 
launch, end boost, or end of mission. The tank sizes and gages were determined 
and a summary of insulation, tanks, propellant vapor and helium weights were 
made. 

The assumptions for the study were: 

1) The spacecraft was oriented during coast so that the payload was 
between the sun and the propulsion vehicle. The only heat to the 
propulsion vehicle came from the payload and the solar panels which 
were assumed to be 520°R (289°K) with c = 1.0, and 620°F (344°K) 
with 6 = 0.05, respectively. 

2) The net heat that penetrated the insulation blanket was considered 
the heat into the cryogenic tank. 

Tbe internal and external insulation surface temperatures used in the analysis 
were derived from the steady state solution of the BETA (Boeing Engineering 
Thermal Analyzer) program. 

The thickness of MU on all surfaces was determined by: 
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f VlNLIM + (t MAXLIM“ RUNIF(A) 


RUNIF(A) is a subroutine that selects random numbers uniformly 
between 0 and 1 . 

t,. Avl ... = t + S(t.. AV - t. ... ) <2.0 IN. 

MAXLIM MAX MAX MIN 

t.. ....... = t,. IK - S (t,, AV - t. ,...)> 0.01 IN. 

MINLIM MIN MAX MIN 

t.. AW 1 Extreme thicknesses obtained from 5 best cases 
MAX I 

^MIN 1 From P rev ' ous ^000 iterations. 

Insulation thickness limits to be used for next 

MAXLIM 

t, 2000 iterations. 

MINLIM 

S = 0.5 Factor to_control search limit reduction rate. 

After every 2000 cases T. ........ and T. ........ were modified and set equal 

1 MAXLIM MINLIM ^ 

to the minimum and maximum thickness of the 5 leastweight cases. Each con- 
figuration was run for 20,000 cases. 

The total heat transfer into the propellant tanks included heat transfer through 
the MU during the ascent phase plus heat transfer through the MU combined 
with heat leaks through tank supports and fluid lines during the coast phase. 

The equations for heat transfer were: 

't 

where 


Q t - (Q, + Q. + Q,. + Q p + Q w ) / 4992 (Hours) 

'a b r M L 


‘M 

Q, 


Q. 


M 


Q. 


Q, 


Q. 


Q 


H, 


Total average heat transfer rate to fuel or oxidizer. 
Total heat transferred thru MLI during coast. 

Total heat transferred thru MLI during ascent. 

Total heat transferred thru tank supports. 

Total heat transferred thru plumbing lines. 

Total heat transferred thru MLI by any other form. 
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Q. 


M 


Modifying the MU heat transfer equation 

,k. 


and 


where 


Q.. = 

M 


(£ + K PEn) A ii (T 1.. - T 2.. > 

\ |l / I ' I 1 


Q. 


= 4992 Y. Q.. (for the coast phase) 


M 


I 1 


I 1 


1 1 


2 .. 

I' 


= Temperature on outside of MU 
= Temperature on inside of MU 
= Surface area of ML! 


t.. 


k.. 

I' 


= Thickness of MU 
= Thermal conductivity of MU 


K PE M = ^ ierma * conductance of nylon fasteners per unit MU area 

• 

Q.. = Average heat transfer rate to fuel or oxidizer during coast 

* phase of mission 

T, and T» are input constants for each insulation panel. These were ob- 
• • • • 

I' I' 

tained by a separate thermal analysis. 

The insulation conductivity was generalized as 

k ii ■ V. <V 2 + t 2. 2)(t i.. + V + K C. <Y. + t 2..> 

I' I' I' I 1 I 1 I' I' I 1 

The subscripts on the constants were required to identify the different types of 
MU used on the vehicles. 

The term K n( -. . was assumed to be a constant. 

PEN 

Q, 


Q 


Q. 


= A 


•• (-H 1 + °A2 '•) 

I' V A2 n I'/ 


Q. 


I' 


Q (for the ascent phase) 

'a.. 

I 1 
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Q 



heat transferred thru MU during ascent phase of 
mission for panel ji. 



constant which depended on the type of MLI and 
location on vehicle. 



Term required for use with perforated radiation shields 


and wer 9 constants which depended on the type of insulation 

i' i 1 

and location on the vehicle. These constants were determined by a curve fit 
to data from the evacuation analyses. In most cases, = 



Q c = 4992 E Q c .„ 

S .. 5 1 1 

I' 

Q s = VT^ - T m ) 

11 OR OX 


Q. 


where: K<. was an input constant for each configuration, 

T^ was one of the boundary temperatures specified for the MLI, 

Tpjj was fuel temperature 

T_ v was oxidizer temperature 
Ua 

Q<. was heat leak through structure 


Q, 


= 4992 £ Q r 


where 


Q, 


k fill< t i.. ' t fu 

11 OROX 


) + k vent (t i.. 

I' 


FU 

OROX 


) + 


k feed^ t eng " t fu 

OROX 


FILL was thermal conductivity of fill line 

was thermal conductivity of vent line 
VE NT ' 

«FEED WQS ^ ierma ^ con du cti vi ty of feed line 

Tcki/-' was engine temperature 
ENC3 

These were all input constants. 
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'HL 


Q 


HL 


= K 


HL 


< T , - V 


where 


was temperature outside 

was temperature inside 

K ul was conductivity from BETA program 
HL 


This form of Q was used for special cases, e.g., where the LF 2 feed line 
penetrated the LH 2 compartment on Vehicle 1-14. 


k feed (t eng " T ox ) 


which was divided into: 



X (T ox " V 


where T 2 was the temperature 
on the feed line in the LH 2 
compartment. 




where Tg was a point near 
the engine but outside the 

MU. 




where T 4 was a feed line 
support. 


The representative Q's were accumulated and the 4 Q was determined by divid- 
ing by the mission time and checked against the Q constraints. The Q con- 
straints were the heat flow values which resulted in limiting pressures (5 psia 
(34.5 > kN/m^) minimum pressure and critical maximum pressure). If either of 
the Q's was outside the constraints then the case was cancelled and the program 
proceeded to the next case. If the constraints were satisfied then the MLI 
weight was calculated. 


WT. = L (A. t. ) 


ins 


1 1 


P 


Area of panel 
Thickness of MLI 

Density of MLI 
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With non-vented tanks, any heat added to the propellant was reflected in a 
change in internal energy, U. Assuming saturated liquid and vapor always in 
equilibrium, the pressure, temperature, liquid density and vapor density was also 
changed continuously with change in U. The total internal energy was made up 
of contributions of the liquid and the vapor: 


U " U L + U G 


uM = u^M^ + 


M. M_ 

U = U L ( -M" + U G { — ) 


u L m L + u G m G 


The mass ratios m^ and m„ could be defined in terms of the specific volume 
of liquid (J^), gas ( V ) and total system ( V ) : 


, M L + V m g - 


L m L + G m G 


Since the sum of the liquid and vapor masses was equal to the total mass. 


m L + m G ' 


"= "lC - m G ) + G m G 


m = 

G » G - k l 


substituting 


u = u^ ( I - m^, ) + Uq m^ 


“ = U L + m G (u G " °L ) 

"l 

“ = U L + J p y~j~ ( “G • U L> 


At any given set of conditions, the only unknown was V 
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A table of Q versus vapor pressure was derived for both cryogens, assuming that 
the liquid and vapor existed in equilibrium. Also used were tables of pressure 
versus densities of vapor and liquid in addition to helium gas used to pressurize 
tanks for the engine burn. The helium gas was assumed to be at the cryogen 
temperature and pressure plus N. P. S. P. From this information was found: 


1 , Vapor Weight 


x M 
P 

rra - 


( 



) 


M 

P 


x 



mass propellant usable plus residuals 

ullage required at mission end 
density of vapor 

density of liquid 


2. Helium Weight = M 


he 


P 


he 


density of helium gas 


This assumed the required helium equalled the replacement of all the cryogenic 
liquid. 

3. Helium bottle weight = 2,74 (wt. helium) 
assuming : 

301 CRES ARDEFORM 

o 

5000 psia (34,5 MN/m design limit pressure 
f = 265 KSI @ - 320°F (1827 MN/m 2 @ 77.7°K) 
yield F.S = 1.33 

2 74 wt. helium bottle 
wt. helium 
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The sizing and weighing of the fuel and oxidizer tanks is shown below: 


LH 


2 - LF 2 System 


Fuel Tank 

The helium was stored in the oxidizer tank 

W, in fuel tank = 0 
he 

Fuel tank operating pressure = P r , + NPSP £ 14.7 psia 

fuel vapor 3 kN/m 2 ) 

Then call tank sizing subroutine corresponding to the kind of tank. 

Oxidizer Tank 


W. = wt. helium in oxidizer tank 
he 

Oxidizer tank operating pressure = P ... + NPSP ^ 14.7 psia 

oxidizer vapor (10 , 3 kN/m 2 ^ 

Call Tank sizing subroutine corresponding to the kind of tank. 

NOTE: The sizing of the oxidizer tank included the volume 

of helium. 


CH^ - FLOX Uninsulated System (Both propellants at same temperature) 


Fuel Tank 

The helium was stored in the oxidizer tank 
W, in fuel tank = 0 

he 2 

Fuel tank operating pressure = P^ ue | VQ p 0r + 14.7* (101.3 kN/m ) 

Call fuel tank sizing subroutine corresponding to the kind of tank. 
Oxidizer Tank 

= wt. helium for oxidizer tank plus wt. helium for fuel tank 

Oxidizer tank operating pressure = P + NPSP> 14,7 psia _ 

oxy vapor (10 , .3 kN/„ 2 ) 

Call tank sizing subroutine corresponding to the kind of tank. 

Based on initially adding helium to prevent tank collapse prior to launch 
due to vapor pressure less than one atmosphere. 


CH^ - FLOX Insulated System 


Fuel Tank 

The helium was stored in the fuel tank 

w = W + W 

he he fuel he oxidizer 

2 

Fuel tank operating pressure = Ppy + NPSP ^ 14.7 psia (101.3 kN/m ) 
Call tank sizing subroutine corresponding to the kind of tank 

Oxidizer Tank 


W. =0 since it was stored in fuel tank 
he 

Oxidizer tank operating pressure = P 


+ NPSP> 14.7 psia 


0XyVQp0r (101.3 kN/nO 

Call tank sizing subroutine corresponding to the kind of tank. 


The kinds of tanks included in this program were spherical, cylindrical, oblate 
spheroid, toroidal, and a common bulkhead tank. Following is a description of 
the sizing and weighing of each. 


The baseline tank parameters were: 


Factors 


= F = 1 25 P 
PROOF ty * op 

Allowables (2219-T6E46 Aluminum Alloy) 



F psi (MN/m^) 

ty 

F psi (MN/m^' 

ty 

Room Temp. 

39,000 (268.9) 

54,000 (372.3) 

Methane -260° F 

43,500 (299.9) 

61,700 (425.4) 

F 2 -FLOX -306°F 

44,900 (309.6) 

64,800 (446.8) 

H 2 -423 °F 

51,900 (357.8) 

75,600 (521.2) 
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Pressures 


P = P + P . 
op vp npsh 

Oxidizers - P = P +12.0 psia (82,7 kN/m ) 
op vp 

Fuels - P = P + 8.0 psia (55.2 kN/m 2 ) 
op vp 

Design pressure = proof pressure = 1.25 P 


Based on calculated or minimum gage x area x density 

P = 0.102 lb/in 3 (2823 kg/m 3 ) 

Minimum Gage = 0.025 in (0.064 cm) 

Spherical Tank 

M W - 

V = 1728 ( 795p L + ~7J S> 

3 

V = total volume stored in all tanks (in ) 

M. = mass of liquid (lbs) 

L 3 

p ^ = density of liquid (Ibs/ft ) 

W. = wt. helium stored in tank (lbs) 
he 


= radius of each tank (in) 
= number of tanks 


1 . 25 (P ) R 

T = 2E 

1 r\ r* 


T = wall thickness (in) 

Pop = operating pressure of tank 

F, yield stress of tank (psi) 

ty = 
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WT = AN (1.2818) R T 

WT = weight- of all tanks (lbs) 

2. Cylindrical Tank - Oblate Spheroid Heads 


M. 


W, 


V = 1728 (■ 


he 


.95 p. 


7.7 


) 


R = Radius is fixed (in.) 


H = 


Ijff-MM R 3 ) 

3.1416 R 2 



H = height of cylindrical portion of tank (in.) 


T = V2(1.25) (P ) R/2 F > .025 
s ' op ' ty 

T c = thickness of cylindrical wall (in.) 

= thickness of spherical cap wall (In.) 

WT = AN (1.0392 R 2 T + .64089 R H T ) 

s c 

WT = weight of all tanks 


3 . Oblate Spheroid Tank 


V 

A 



V % ^ 
( AN (2.96) ^ 


B = .7071 A 



A - major radius of tank 
B = minor radius of tank 
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V2(1.25)P A 
T = * ^ > .025 

% 

T = thickness of wall (in.) 

WT = AN (1.0392 A 2 T) 

WT = weight of all tanks (lbs) 


Torus Tank 


A is fixed major radius 









( v^2) (1 .25) P rH R 

°P > 

2“F~ 

FLOX 


.025 


1.25 P - u R 
op CH. 

t fc ■ 5 - 025 


ty 


FLOX 


(V2)(1.25)P r 

t - P FLOX - no 

T OH TT > - 025 




FLOX 


'OC 


(^2) (1.25) P R 

p FLOX 


FLOX 


> .025 


WT = 0.5196 R 2 (T pH + T OH ) + .64089 RH T pc + .4531 R 2 T QC 


6. Common Bulkhead Tank - Oblate Spheroid Heads 


V 


V 


FLOX 


CH. 


M 


= 1728 ( 


1728 ( 


FLOX 


.95 P, 


FLOX 


M 


CH. 


.95 p. 


CH. 



H = V CH / (3.1416 R 2 ) 
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(V^j (1.25) P R 

7 = — > Q2 5 

'O 2 F 


*y 


FLOX 


1,25 P opCH R 

I FC = A — > .025 




FLOX 


^ (1 ’ 25)P opCH 4 R 

t fs = — Tf * * 025 


*Y 


FLOX 


2 2 

WT = 1.0392 R T q + .64089 RH T + .5196 R 


At this point, all weights were accumulated (insulation weight, vapor weights, 
helium weights, helium bottle weight and fuel and oxidizer tank weights). If 
this total weight was less than any of the 5 previous least weight cases, then 
it was inserted in its appropriate place and the heaviest previous case was 
dropped. 
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APPENDIX B 

VEHICLE STRUCTURE EVALUATION - PRELIMINARY DESIGN 


Section 1.2.3 of Volume I, "Final Report", NASA CR-121103, described the 
structural evaluation for the ten preliminary vehicle designs. Structural weights 
for the main body and Centaur adaptor for each of the study vehicles were sum- 
marized in Figures 1.2-10 and 1.2-11 of that report. 

This appendix presents sketches of the vehicles, the major dimensions and weight 
assignments, and the detailed results of the computer aided OPTRAN (Optimiza- 
tion by Random Search) structural optimization program. The OPTRAN program 
operations were discussed in Section 1.1.3 of the Volume I document. 

Three payload heights were evaluated for each of the study vehicles. These 
heights were approximately l/2 and 1/5 of the vehicle diameter and a minimum 
case of 4 inches (10.2 cm) above the top deck insulation. Two continuous shell 
construction methods, and truss structures were evaluated in combination with 
three materials. The shells consisted of honeycomb sandwich and ring stiffened 
corrugations. The materials were aluminum, carbon/epoxy, and fiberglass/epoxy 
composites. 

Sketches of the vehicle configurations with the dimensions and weights used for 
the study are shown in Figures B-l through B-10. 

The results of the study are presented in Tables B-l through B— 1 3 . The case 

numbers refer to payload heights, Case 1 being the lowest payload position. 

The limits on member sizes as well as the optimum design point are shown. The 
results of the honeycomb sandwich evaluation indicated that shell loading was 
too low to make this approach competitive on a weight basis. In the majority 
of the cases, minimum gage configurations were selected. Examination of the 
weight results shows that optimum configurations were not achieved in all cases. 
For example, in Table B-l for Vehicle 1-14 (upper body) with an aluminum 
structure, the highest shell loading produced the least weight case. To achieve 
more nearly optimum designs for all cases the design limits were narrowed as 
shown in Table B-4 with the result that minimum gages were selected for all 
vehicles and all payload heights. Finalized shell weights are also shown in 
Table B-4. Several "non -optimum" cases were noted in the truss structure data 
also; however, since these cases tended towards minimum gage designs, it was 
concluded that the least weight case could be used where discrepancies existed. 

It should be noted that the weights of Tables B-l through B— 1 3 do not include 
end attachments. The weights are for the structural configuration, extending 
between the panel points shown in Figures B-l through B-10. 
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Vehicle 2-19 carried axial, bending and internal pressure loads in the tank wall, 
therefore, a stiffened skin was necessary to avoid shell buckling. It appeared 
that this configuration could combine tank mounted and shell mounted MU 
effectively. 

An analysis was made to determine stiffener size and spacing options for the 
three payload heights and vehicle configuration shown in Figure B— 1 0 . The 
stiffener chosen was a 1.00 inch high leg, integral with the tank wall and 
aligned with the longitudinal axis of the vehicle. Several design points were 
evaluated to establish stiffener proportions in terms of compression load carrying 
capacity. The results are presented in Figure B-l 1 . A tank gage of .025 in. 
(0.064 cm) stiffener thickness of .040 in. (0.10 cm) and spacing of 2.00 in. 

(5.1 cm) were set as minimum values. The table below shows the compression 
loads and stiffener proportions at the top and bottom of the cylindrical shell for 
the three loading conditions (three payload heights). 

PAYLOAD HEIGHT (above skirt) 

28.5 in (0.7 m) 37. 5 in (0. 9m) 67.5?n(l ,7m) 



N^~ Ib/in (kN/m) 

260 (45.5) 

288 (50.5) 

377 (66.0) 

Top of 

'skin~ in (cm) 

.029 (.074) 

.031 (.079) 

.040 (.102) 

Cylindrical 

Shell 

'stiff- !n (cm) 
Spacing -j in (cm ) 

.046 (.117) 
2.30 (5.85) 

.049 (.125) 
2.50 (6.35) 

.060 (.152) 
3.00 (7.60) 


T ~ in (cm) 

.050 (.013) 

.052 (.013) 

.060 (.152) 


Ib/in (kN/m) 

300 (52.5) 

326 (57.0) 

417 (73.0) 

Bottom of 

'skin' (cm) 

'stiff ~ in(cm) 

.032 (.081) 

.035 (.089) 

.044 (.112) 

Cylindrical 

Shell 

.051 (.130) 

.053 (.135) 

.064 (.163) 


Spacing ~ in (cm) 

2.50 (6.35) 

2.70 (6.85) 

3.22 (8.18) 


t ~ in ( cm ) 

.053 (.135) 

.055 (.140) 

.064 (.163) 


The t values defined the shell thickness assuming the stiffeners were "smeared" 
over the surface. The average dimensions between top and bottom of the 
cylindrical shell were used in the vehicle design and meteoroid protection eval- 
uation of the Volume I document. 

The conical shell was checked for buckling stability when subjected to an engine 
thrust load of 12,500 lbs (55.5 kN). The minimum gage required for internal 
pressure loads was found to be adequate for the thrust load condition. A "Y" 
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ring was necessary at the intersection of the conical and cylindrical surfaces 
to carry the radial loads. A cross section of 0.26 square inches (1.68 cm^) 
was required. The weights of the "Y" rings, shell stiffening and tank skirt 
plus ring were respectively; 

Case 1: 5.1 lb (2.3 kg), 4.5 lb (2.0 kg), 7.1 lb (3.2 kg) 

Case 2: 5.1 lb (2.3 kg), 4.6 lb (2.1 kg), 7.2 lb (3.3 kg) 

Case 3: 5.1 lb (2.3 kg), 6.1 lb (2.8 kg), 8.0 lb (3.6 kg) 

The Vehicle Structure Evaluation was concluded by calculating end fitting and 
attachment bracket weights for all of the vehicles and adaptors using the curves 
of Figures 1.2-6 and 1.2-7, and the methods described in Section 1.2.2 of the 
Volume I document. The final results are presented in Tables B— 1 4 through 
B-23. 
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Figure B-2: VEHICLE 1 -2A 
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Figure B-5: VEHICLE 1-14 
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B-6: VEHICLE 
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VEHICLE 3-14 VEHICLE 3-14 VEHICLE 1-14 VEHICLE 1-14 

(LOWER BODY) (UPPER BODY) (LOWER BOO Y( (UPPER BODY) 


Table B-1: HONEYCOMB SANDWICH DATA (Cont) 


MATERIAL CASE 




CARBON/ 

EPOXY 



CARBON/ 

EPOXY 



CARBON/ 

EPOXY 




CARBON/ 

EPOXY 



CORE DEPTH 
(in.) 


RIBBON THICKNESS 
(in ) 


CELL SIZE 

(in ) 


287 

1.58 

311 

UBS 

366 

150 

287 

147 

311 

142 

365 

1 44 

287 

363 

311 

268 

365 

288 

476 

141 

519 

141 

571 

1 41 

476 

142 

519 

142 

571 

142 

476 

281 

519 

281 

571 

281 

296 

144 

322 

1 55 

377 

1 58 

296 

144 

322 

143 

377 

142 

296 

290 

322 

281 

377 

284 

437 

154 

462 

147 

519 

148 

437 

142 

462 

143 

519 

1 44 

437 

287 

462 

285 

519 

281 








IBIIIII 


0251 

111 



■ ■■■1 


a oo 3 0.001 






|WEIGHT 

(lb,tr 2 l 


0 605 


0610 


0604 


0334 


0334 


0334 


0 439 


0 432 


0.431 


| 0 601 


0 601 


0 601 


0332 


0 332 


0.332 


0 430 


0430 


0 430 


0602 


0 605 


0605 


0334 


0.334 


0334 


0 432 


0 430 


0431 


0604 


0602 


0.602 


0334 


0 334 


0 334 


0 432 


0432 


0 432 


I CORE WITH ALUM & CARBON FACES HRP (F G I CORE WITH F G FACES 


32 
































































































































































VEHICLE 2-14 VEHICLE 2-14 VEHICLE 1-14 VEHICLE 1-14 

(LOWER BODY) (UPPER BODY) (LOWER BOOY) (UPPER BODY) 


Table B-1 : HONEYCOMB SANDWICH DATA 



MATERIAL 

CASE 


ULT 

LOAD 

Ny 

CORE 

DENSITY 

CORE DEPTH 
(em) 


RIBBON THICKNESS 
(cm) 

H99I 

[v Vfffl 




(N/ml 



PO 


BS3 


03 



rm 



mu 




1 


5.023 

25,31 



oe 

3 

0.65 

0102 

0 051 

0051 

ET 

a 


EE 

a 

EE 

m 

EE 

m 


295 


ALUMINUM 

2 



5.443 









■ 

■ 



■ 

■ 

■ 

■ 

■ 

■ 





fffl 

298 



3 



8 388 

24 03 





foil 



■ 

■ 



■ 

■ 

■ 

■ 

■ 

■ 






2 948 

7 Q 
- Q 


1 



5.023 

23 55 








■ 

■ 



■ 

■ 

■ 

■ 

■ 

■ 





0 927 

1 63 

ui a> 
— J gr 

u S 

CARBON/ 

EPOXY 

2 



5 443 

22 75 












■ 

i 

■ 

1 


■ 





0 95 

I 63 

5 £ 

£ 3 

3 



6388 

23 07 








■ 

■ 



EZ 

□ 


EE 

a 






1 63 

> S 

■SM 

1 



5005 

53-35 





064 



■ 

■ 



0 013 







0 805 

2 14 



2 



5443 

45.82 



B 

3 


■ 




■ 


Emu 


^3 





0 937 

2 108 


HHMi 

3 

IB 

■ 

6 388 

45 82 

ra 

Z 

3 

0 643 

0 

02 

■ 

■ 

■ 

■ 






EE 

□ 

0 945 

2 103 



1 

82.7 

8,330 

22 59 

a 

59 



0 638 

oc 

153 

■ 

■ 





Z 

a 




a 

I 

2 933 


ALUMINUM 

2 



9 063 

22 59 





0638 









1 


1 





□ 



2 933 



3 



9.993 

22 59 

■ 

■ 

■ 

■ 


■ 


■ 

■ 



■ 

■ 

■ 


■ 

■ 

1 






2 933 

Jo 
J. o 

CARBON/ 

EPOXY 

1 



8,330 

22 75 

i 

■ 

1 

■ 


1 



_j 



■ 


■ 




1 






1 62 

UI ® 
-1 DC 

2 



9.083 

22 75 

■ 

■ 

1 

■ 

■ 

■ 

1 






■ 

■ 

■ 

■ 

■ 

■ 

1 






1 62 

11 

3 



9.993 

22 75 

0 

59 












B 

a 

EE 

a 

1 






1 62 

>=i 


1 




45 02 

m 











0013 









2 10 


FIBERGLASS 

2 



9.083 

45 02 












0 013 









2 10 



3 

92.7 

9993 

45 02 


1 

■ 

B 

a 

B 

a 

■ 

■ 

■ 


0013 

0008 

0 008 

1 



a 

B 

m 

2 10 



1 

101 

95 

5,180 

23 07 

D 

a 

EZ 

a 


El 

a 

■ 

■ 



EE 

08 

OC 

“j 

00 

03 



0 

>35 

0 942 

294 


ALUMINUM 

2 




24 83 



01 

135 

0 643 









■ 

□ 






■ 


2 95 



3 



6,596 

25 31 



1 

■ 

0643 





■ 



■ 

■ 

■ 

■ 


1 

■ 

■ 


0 859 

295 

; > 
7 o 


1 



5.180 

2307 



1 

■ 

0 645 







■ 

■ 

■ 

■ 

■ 


1 


■ 


095 

1 63 

LM tO 

H«c 

CARBON/ 

EPOXY 

2 



5,635 

22 91 












J 











1 63 

X £ 

3 



6,596 

22 75 






■ 


■ 

■ 

■ 


EE 

a 

ES 

a 

EE 

a 

■ 

■ 



0 947 

1 63 

>2 


1 



5 180 

46 46 





m 

■ 


■ 

■ 




0 008 







2 108 


FIBERGLASS 

2 


1 

5.635 

45 02 





0638 




n 





0013 

0008 






095 

2 10 



3 

G 

□ 


45 50 





0 638 















2 103 



1 

97 79 

7 648 

24 67 








■ 

■ 




UE3 







2948 


ALUMINUM 

2 



8 . 0 BS 

23.55 





33 

■ 






■ 

■ 

■ 

■ 

■ 

m 





094 

294 



3 



9.083 

23.71 





a 638 










■ 

■ 


■ 

■ 






3 

294 

' o 

CARBON/ 

EPOXY 


■ 


7.648 

22 75 






■ 






■ 


■ 

■ 

■ 

m 





0 95 

1 63 

**« 
UI " 

-1 ce 

2 



8.085 

22 91 






■ 






■ 

■ 

■ 

■ 

■ 






Ira 

1 63 



3 



9.083 

23.07 





0635 







EE 

a 

E 

a 

EE 

a 





094 

1 63 

52 


1 



7.648 

45 98 





064) 








E9!l!!]i 






tf-M 

2 108 


FIBERGLASS 

2 

■ 

■ 

SOBS 

4586 






1 







0 013 








2 108 



3 

D 

a 

9,063 

45.02 

B3 

l 

9 

065 

a 

a 

5 

9 

B 

a 

0013 

0008 

0008 

EES 

S 

a 

095 

2 108 


•ALUM CORE WITH ALUM & CARBON FACES HRP IF G ) CORE WITH F G FACES 
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Table B-2: HONEYCOMB SANDWICH DATA (Cont) 



MATERIAL 

CASE 


ULT 

LOAD 

N X 

{(Win ) 

CORE 
DENSITY 
MVfr 3 ) * 

CORE DEPTH 
(inj 

JnliMi 

RIBBON THICKNESS 
(in ) 

CELL SIZE 
tin 1 

WEIGHT 

(lb/ft 2 l 





MIN 

DES 

£”3 


rm 



(23 

VEHICLE 1-3 

ALUMINUM 

1 

38.5 

119 

1 52 

[23 

ESI 


^3 

ES2 

023 







0 603 

2 



136 

184 

■ 

1 

■ 

V 


I 

1 

■ 

■ 

V 

■ 

■ 

■ 

■ 

■ 

■ 

■ 

I 

■ 

V 

■ 

El 

0 609 

2 



m 

148 










□ 






J 

L 





0 361 

0 603 

CARBON/ 

EPOXY 

1 



119 

1 45 










■ 

■ 

■ 

■ 

■ 

& 


■ 

1 





0 332 

2 



136 

1 48 










■ 

■ 

■ 

■ 

■ 

■ 

1 

■ 

1 




0 365 

a 334 

3 



165 

1 44 















1 





EE3I 

FIBERGLASS 

1 



119 

284 













0003 

0 003 





0 369 

0 431 

2 

■ 

■ 

139 

288 













0003 

0003 





0 372 

0 431 

3 

38.5 

IK 

299 















1 




0363 

0 433 

2S 

St 

d? 

i p 

3:5 

- 

ALUMINUM 

1 

170 

142 

142 





ESI 










1 




0 349 

0 604 

2 

■ 

■ 

199 

148 



■ 


EhI 

■ 






■ 

■ 

■ 

1 

■ 

■ 



. 


0.367 

0 602 

3 



188 

179 





223 







■ 

■ 

■ 

■ 

■ 





■ 


0 609 

CARBON/ 

EPOXY 

1 



142 

148 













J 









0 368 

0 334 

2 



159 

1 48 



■ 


gfSl 







■ 

■ 

■ 

fl 

I 

■ 





0 370 

0 334 

3 



188 

143 





El 














0 372 

0334 

FIBERGLASS 

m 



142 

285 





mn 















0 431 

2 



m 

282 














BTE1 

— 




0 372 

0 430 

3 

17 0 

188 

Z85 












aoo5 







0369 

0 434 

n r 
- & 

Si 

U O 
X *■ 

3d 

ALUMINUM 

1 

385 

113 

1 43 



■ 


mm 

■ 







0 001 


1 




0 371 

0 603 

2 

■ 

■ 

129 

151 



■ 









■ 

■ 

■ 

1 

■ 

■ 

1 




0 357 

0 603 

3 



159 

158 






















0 321 

0 606 

CARBON/ 

EPOXY 

1 



113 

1 44 





0553 





■ 

■ 

■ 

■ 

■ 

■ 

■ 

■ 

■ 




0 369 

0 334 

3 



.29 

1 44 






■ 





■ 

■ 

■ 

■ 

■ 

■ 

■ 

I 




0.373 

0334 

3 



159 

1 46 





0251 






B 








6366 

0 334 

FIBERGLASS 

1 



113 

282 





0251 







■ 

■ 

821 

G21 






0 373 

0 430 

2 



129 

284 






■ 




■ 

■ 






J 


0 371 

0 431 

3 

3X5 

159 

285 






■ 






[ijjjjjj 



■ 

■ 




6431 

VEHICLE 2-2 

ALUMINUM 

1 

22J0 

306 

1 45 










■ 

■ 


0001 

0 001 





0 374 

0 603 

2 



328 

1 57 





[221 

■ 




■ 

■ 

I 

■ 

■ 

■ 

■ 

■ 





0 345 

0604 

3 



360 

152 



□ 







I 












^21 

0 609 

CARBON/ 

EPOXY 

1 



306 

1 42 





223 



— 




■ 




■ 

■ 


■ 



Qm 

0 333 

2 



326 

1 44 





221 

■ 






■ 

■ 

■ 

■ 

■ 

1 


■ 



0 371 

0 334 

3 



360 

1 48 





0252 








a ooi 

0.001 





6381 

0334 

FIBERGLASS 

1 



306 

282 






■ 







mu 


■ 

■ 



0 373 

0 436 

2 



326 

292 

1 

■ 



E2SS 

■ 

1 

■ 

■ 




OSH 

ilPH 

ijlmj 

■ 

1 

■ 

■ 


0438 

3 

22.0 

360 

284 

0.500 

0.250 

0297 

0 040 

QJ020 

0 020 

a 005 

0003 

a 003 



0371 

0 441 


•auum core with alum or carbon faces hrp if a) core with f a faces 
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Table B-2: HONEYCOMB SANDWICH DATA 



MATERIAL CASE 


ULT 

SHELL LOAD “RE 
HEIGHT N x DENSITY 
(on) IN/m) (Kg/mV 


CORE DEPTH 
Ion) 



t^panqcCTCiiEg cBlCtlF^*^^**^™ 


CARBON/ 

EPOXY 



87 79 


43.18 2,485 


CARBON/ 

EPOXY 



2 485 

<5 66 

■■■■EOHHUB&II 

0.008 |oooe 

2783 

46 18 


(LOOS j 0008 

3.290 

45 68 


1.978 

22.91 

IHI&iHINIIOl 

a 003 | aoo3 


CARBON/ 

EPOXY 



56.88 5,355 


5706 


CARBON/ 

EPOXY 


24 18 


26 91 


23 07 


23.07 


23/59 


45.18 


45 50 


45 M 


2X23 


25 15 


5 300 I 28 16 


22.75 


23 07 


8.300 23.71 


45 18 


5.705 48.78 


0.008 I 0 008 


a 008 I 0.008 


a 003 I 0003 


56.88 | 6 300 | 45 JO | 1 27 |aS35 


I CORE WITH ALUM OR CARBON FACES 


a 003 0.003 


o 061 a. 051 aoi 3 aooe aooe 


HRP IF G.I CORE WITH FG FACES 


0.93 

2 137 

0 942 

2.152 


35 













































































































































































Table B-3: HONEYCOMB SANDWICH DATA (Cont) 


VEHICLE 

CONFIG 

MATERIAL 

CASE 

SHELL 
HEIGHT 
(tn ) 

ULT 

LOAD 

N X 

(Ib/in ) 

CORE 

DENSITY 

(lb/ft 3 )* 

CORE DEPTH 
(in.) 

FACE SKIN 
THICKNESS 

(inj 

RIBBON THICKNESS 
(in ) 

CELL SIZE 
(in.) 

WEIGHT 

(lb/ft 2 ) 

MAX 

MIN 

DES 

MAX 

MIN 

DES 

MAX 

MIN 

DES 

MAX 

MIN 

DES 

VEHICLE 2-3 

ALUMINUM 

1 

47 

152 

1.61 

0.500 

0.250 

0 252 

0 040 

0 020 

0 020 

0 003 

0.001 

0.001 

0.375 

0.250 

0.337 

0.605 

2 



169 

1 86 





0.253 

















0.287 

0.610 

3 



203 

1.53 





0.254 


















0.354 

0.604 

CARBON/ 

EPOXY 

1 



152 

1 46 





0.251 



- 














0 366 

0.334 

2 



169 

1 42 





0.252 

















0.374 

0 334 

3 



203 

1 43 





0.253 







0 003 

0.001 

0.001 





0.373 

0.334 

FIBERGLASS 

1 



152 

2.85 





0.251 







0.005 

0.003 

0.003 





0.372 

0 431 

2 



169 

2.81 





0.255 







0.005 

0.003 

0.003 





0.375 

0.431 

3 

47 

203 

2.89 





0.252 







0.005 

0.003 

0.003 





0.370 

0.431 

VEHICLE 2-18 

ALUMINUM 

1 

51 

379 

1 43 





0 250 







0.003 

0.001 

0.001 





0.373 

0.602 

2 


1 

405 

1.43 





0.262 











n 






0.373 

0.603 

3 



458 

1 48 





0 256 

















0.375 

0.603 

CARBON/ 

EPOXY 

1 



379 

1 44 





0.251 

















0 373 

0.334 

2 



405 

1 44 





0 252 









1 








0.373 

0.334 

3 



458 

1 44 





0 256 







0 003 

0.001 

0 001 





0.371 

0 334 

-IBERGLASS 

1 



379 

2.82 





0 251 







0 005 

0.003 

0 003 





0 374 

0 432 

2 



405 

2 90 





0.251 



1 1 




0 005 

0 003 

0.003 





0.375 

0.431 

3 

51 

458 

2 97 

0.500 

0.250 

0.251 

0.040 

'0.020 

0 020 

0 005 

0.003 

0 003 

0.375 

0.250 

0.371 

0 433 











1 



























*ALUM CORE WITH ALUM AND CARBON FACES 
HRP <F G.) CORE WITH F G FACES 



MATERIAL CASE HEIGHT 

(cm) 


ALUMINUM 


CARBON/ 

EPOXY 


: IBERGLASS 2 



ALUMINUM .2 


CARBON/ 

EPOXY 


: IBERGLASS 2 





























































































































THIS PAGE INTENTIONALLY LEFT BLANK 


Table B-4: HONEYCOMB SANDWICH DATA (NARROW LIMITS) 



CORE 

DENSITY 

LB/FT 3 * 

CORE DEPTH 
IN (CM) 

PACE SKIN 
THICKNESS 
IN. (CM) 

b 

TH 

1 

IBBON 
ICKNESS 
N. (CM) 

CELL SIZE 
IN. (CM) 

WEIGHT 

LB/FT 2 





( kg/m 3 ) 

MAX 

MIN 

DE 

SIGN 

MAX 

MIN 

DE 

SIGN 

MAX 

MIN 

DE 

SIGN 

MAX 

MIN 

DE 

SIGN 

( kg/m 2 ) 


ALLS 

TUDY VEHI 

CLES 

ALUM 

1.41 

124.68) 

£70 

(.688) 

£50 

(£35) 

£51 

(£38) 

.021 

(.003) 

020 

(.051) 

.020 

(.051) 

.003 

(.008) 

001 

(.003) 

001 

(.003) 

£75 

(£53) 

£76 

(953) 

£75 

(.953) 

.601 

(2.93) 



AND 


CARBON 

EPOXY 

1.42 

(24.85) 

£70 

(£86) 

.250 

(£35) 

£50 

(£35) 

.021 

(.053) 

.020 

(.051) 

.020 
( 051) 

.003 

(.0081 

.001 

(.003) 

.001 

(.003) 

£75 

(£53) 

£75 

(£53) 

£75 

(.953) 

.333 

(1.625) 


ALL P 

*Y LOAD HI 

:KpH it» 

FIBER 

GLASS 

2.81 

(49.18) 

£00 

(.762) 

£50 

(.835) 

250 

(£35) 

.021 

(.053) 

.020 

(.061) 

£20 

(.051) 

.005 

(.013) 

.003 

(.008) 

.003 

(.008) 

£76 

(£53) 

£75 

(£53) 

— 

£75 

(£53) 

.430 

12.098) 


— 






























































































































































































•ALUM CORE WITH ALUM AND CARBON FACES 
HRP (F.G.) CORE WITH F.G. FACES 


PAYLOAD SUPPORT 


Table B-5: TRUSS STRUCTURE DATA 


VEHICLE 

CONFIG- 

MATERIAL 

CASE 

MEM- 

BER 


LOAD 

TUBE THICKNESS 
(In ) 

TUBE RADIUS 
(in.) 

WEIGHT 

PER 

MEMBER 

(lb) 

URATION 



OTY 


(lb) 

MAX 

MIN 

DES 

MAX 

MIN 

DES 


ALUMINUM 

i 

n 

Q 

3,246 

0,200 

0 020 

0 020 

2 50 

1 00 

1 01 

0 526 


E - 10 x 10 5 

2 



' 

1 

3,319 

0 200 

0 020 

0 020 

2 50 

1.00 

1 03 

0 538 


LB/IN. 2 

3 





3,520 

0.200 

0 020 

0 021 

2 50 

1 00 

1 00 

0 547 

7 

CARBON-EPOXY, 

1 





3,246 

0 070 

0 028 

0 028 

2 25 

0 76 

0 788 

0317 

-1 

u 

p- 0.055 LB/IN.' 
E - 28 x IQ 6 
LB/IN 2 

2 





3,319 

0 070 

0.028 

0 028 

2 25 

0 75 

0.793 

0 319 

X 

LU 

> 

3 





3,520 

0.070 

0 028 

0 028 

2 25 

0 75 

0 809 

0 325 


FIBERGLASS 

1 





3,246 

0.054 

0 030 

0 030 

2 50 

1 00 

1 02 

0 526 


P- 0.066 LB/IN * 
E - 7 6 x 10 6 
LB/IN. 2 

2 





3,319 

0 054 

0.030 

0 030 

2 50 

1 00 

1 04 

0 532 


3 



E 

m 

3,520 

0.054 

0 030 

0 030 

2 50 

1 00 

1 05 

0 541 



1 



56 

3,885 

0.200 

0.020 

0 020 

2 50 

1 00 

1 24 

0.874 


ALUMINUM 

2 





3,954 

0 200 

0 020 

0.020 

2 50 

1 00 

1 24 

0 881 



3 





4,079 

0 200 

0 020 

0 020 

2 50 

1 00 

1 26 

0 890 

S □ O 
o K 

CARBON/ 

EPOXY 

1 





3,885 

0 070 

0 028 

0 028 

2 25 

0 75 

1 02 

0 558 

“J 00 z 
OttO 

2 





3,954 

0 070 

0 028 

0 028 

2 25 

0.75 

1 03 

0 560 

xSJx" 

3 



■ 


4,079 

0 070 

0.028 

0 028 

2 25 

0 75 

1 04 

0 566 



1 



■ 


3,885 

0 054 

0 030 

0 030 

2 50 

1 00 

1 33 

0 926 


FIBERGLASS 

2 



■ 



3,954 

0 054 

0 030 

0 030 

2 50 

1 00 

1 33 

0 930 



3 



■ 

n 

4,079 

0 054 

0 030 

0 030 

2 50 

1 00 

1 35 

0 948 



1 



KB 

3,223 

0 200 

0 020 

0.020 

2 50 

1 00 

1 02 

0 291 • 


ALUMINUM 

2 




1 

3,467 

0 200 

0 020 

0 020 

2 50 

1 00 

1 05 

0 301 • 

c>4 ir gt 


3 



■ 


4,046 

0 200 

0 020 

0 020 

2 50 

1 00 

1 00 

0 286 

» Q O 
~ O h- 
LU m 

CARBON/ 

EPOXY 

1 





3,223 

0 070 

0 028 

0 028 

2 25 

- 

0 532 

0 119 

_ z 

y£° 

2 





3,467 

0 070 

0 028 

0 028 

2 25 

- 

0 544 

0 123 

I 5 T 

ssi 


3 





4,046 

0 070 

0 028 

0 028 

2 25 

- 

0614 

0 138 



1 





3,223 

0 054 

0 030 

0 030 

2 50 

1 00 

1 00 

0 288 


FIBERGLASS 

2 





3,467 

0 054 

0 030 

0 030 

2 50 

1.00 

1 00 

0 288 



3 



E 

■ 

4,046 

0 054 

0 030 

0 030 

2 50 

1 00 

1 00 

0 288 


* 

1 



m 

■ 

2,997 

0 200 

0 020 

0 020 

2 50 

1 00 

1 07 

0 495 • 


ALUMINUM 

2 





3,070 

0 200 

0 020 

0 020 

2 50 

1 00 

1 02 • 

0 472 

M qT 

J. o 


3 





3.329 

0 200 

0 020 

0 020 

2 50 

1 00 

1 03 

0 476 

CARBON/ 

EPOXY 

1 





2,997 

0 070 

0 028 

0 028 

2 25 

- 

0 709 

0 254 

o o 

2 





3,070 

0 070 

0 028 

0 028 

2 25 

- 

0715 

0 256 

X ^ 

*5 


3 





3,329 

0 070 

0 028 

0 028 

2 25 

- 

0 734 

0 263 | 



1 



m 

■ 

2,997 

0 054 

0 030 

0 030 

2 50 

1 00 

1 00 

0 460 


FIBERGLASS 

2 

■ 

■ 

9 

■ 

3,070 

0 054 

0 030 

0 030 

2 50 

1 00 

1 00 

0461 



3 

■ 

5 

mm 

3,329 

0 054 

0 030 

0 030 

2 50 

■ ■ — — ■ 

1 00 

1 00 

0 462 


•non-opjimum case 


40 











































































































































































































































































































































PAYLOAD SUPPORT 


Table B-5: TRUSS STRUCTURE DATA 


VEHICLE 

CONFIG- 

URATION 

MATERIAL 

CASE 

MEM 

BER 

QTY 

LENGTH 

(cm) 

LOAD 

IN) 

TUBE THICKNESS 
(cm) 

TUBE RADIUS 
(cm) 

WEIGHT 

PER 

MEMBER 

(kg) 

MAX 

MIN 

DES 

MAX 

MIN 

DES 

VEHICLE 1-3 

ALUMINUM 
P-10 LB/IN 3 
E- 10 x 10 6 
LB/IN 2 

1 

24 

106 68 

14,438 

0 508 

0 051 

0 051 

6 35 

254 

2 57 

0 239 

2 





14,763 

0 508 

0 051 

0 051 

6 35 

254 

2 62 

0 244 

3 





15,657 

0 608 

0 051 

0 053 

6.35 

2.64 

2.54 

0 248 

CARBON-EPOXY 
P- 055 LB/IN 3 
E - 28 x 10 6 
LB/IN 2 

1 





14,438 

0 179 

0 071 

0 071 

5 72 

1.90 

200 

0.144 

2 





14,763 

0.179 

0 071 

0 071 

5 72 

1 90 

2 01 

0 145 

3 





15,657 

0 179 

0 071 

0 071 

5 72 

1.90 

2 05 

0 148 

FIBERGLASS 
P- 066 LB/IN 3 
E - 7 5 x 10 6 
LB/IN 2 

1 





14.438 

0 137 

0 076 

0 076 

E 


2 54 

2 59 

0 239 

2 






14,763 

0 137 

0 076 

0 076 

■ 

fl 



264 

0 245 

3 



106.68 

15,657 

0 137 

0.076 

0 076 

J 




2.68 

0 247 

Zab 

ocO 

=F LU O'* 
J- Q- *r 
UJ O. 1 

> D ~ 

ALUMINUM 

1 



142 24 

17,281 

0.508 

0 051 

0051 

■ 




3 15 

0 397 

2 





17,587 

0 508 

0 051 

0 051 

B 

■ 



3 15 

0 400 

3 





18,143 

0.508 

0 051 

0 051 

E 


E 

a 

3 20 

0 404 

CARBON/ 

EPOXY 

1 





17,281 

0 179 

0 071 

0 071 

5 72 

1 90 

2 59 

0 253 

2 





17,587 

0 179 

0 071 

0 071 

5 72 

1 90 

2 62 

0 254 

3 





18,143 

0.179 

0 071 

0 071 

6 72 

1 90 

264 

0 257 

FIBERGLASS 

1 





17,281 

0 137 

0 076 

0 076 

m 

E 

a 

3 38 

0 420 

2 




| 

17,587 

0 137 

0.076 

0 076 

■ 

fl 

fl 

■ 

3 38 

0 422 

3 



142 24 

18,143 

0 137 

0 076 

0 076 

■ 

■ 



3 43 

0 431 

VEHICLE 1-2 
LOWER 800 Y 
(LH 2 ON TOP) 

ALUMINUM 

1 



58.40 

14,336 

0 508 

0 051 

0051 

B 

B 



2 62 

0 132* 

2 





15,421 

0 508 

0.051 

0.051 

B 

B: 



2 68 

0 137* 

3 





17,997 

0 508 

0 051 

0 051 

6 35 

wvm 

2 54 

0 130 

CARBON/ 

EPOXY 

1 





14,336 

0 178 

0 071 

0 071 

6 72 

- 

1 35 

0 054 

2 





15,421 

0 178 

0 071 

0 071 

5.72 

- 

1 38 

0 558 

3 





17,997 

0 178 

0 071 

0 071 

5 72 

- 

1 56 

0 627 

FIBERGLASS 

1 





14,336 

0 137 

0 076 

0 076 

E 

a 

E 

a 

254 

0 131 

2 



■ 

■ 

15,421 

0 137 

0 076 

0 076 

■ 

a 



254 

0 131 

3 



EXj 

17,997 

0 137 

0 076 

0 076 





2 54 

0 131 

VEHICLE 1-2 
<LF 2 ON TOP) 

ALUMINUM 

1 

■ 

u 

94 

00 

13,331 

0 508 

0 051 

0 051 


■ 



2.72 

0 225* 

2 





13,655 

0 508 

0 051 

0.051 

B 

■ 



2 59 

0 214 

3 





14,807 

0 508 

0 051 

0 051 

6 35 

2 54 

2 62 

0216 

CARBON/ 

EPOXY 

1 





13,331 

0 178 

0 071 

0 071 

5 72 

- 

1 80 

0 115 

2 

■ 

■ 



13,655 

0 178 

0 071 

0 071 

5.72 

- 

1 82 

0 116 

3 





14,807 

0 178 

0 071 

0 071 

5 72 

- 

1 86 

0 119 

i 

-FIBERGLASS 

1 





13,331 

0 137 

0 076 

0 076 

6 35 

2 54 

2 54 

0 209 

2 





13,655 

0 137 

0 076 

0 076 

6 35 

2 54 

2 54 

0 2092 

2 

m 

94 00 

14 807 

0 137 

0 076, 

0 076 

6 35 

2 54 

2 54 

0 2097 


* NON-OPTIMUM CASE 
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TABLE B-6: TRUSS STRUCTURE DATA (Cont) 


VEHICLE 

CONFIG- 

URATION 

MATERIAL 

CASE 

B™ 

Bygjl 


LOAD 

(lb) 

TUBE THICKNESS 
(m.) 

TUBE RADIUS 
(in.) 

WEIGHT 

PER 

MEMBER 

(lb) 

MAX 

MIN 

DES 

MAX 

MIN 

DES 

VEHICLE 2-2 

ALUMINUM 

1 

24 

26 

2,698 

EEa 

0 020 

0020 

2.50 

1.00 

1.02 

E9S 

2 





2,767 

0.200 

0.020 

0.021 

2.50 

1.00 

1 03 

0.320 * 

3 





3,118 

0.200 

0.020 

0 021 

2 50 

1.00 

1.00 

0.312 

CARBON/ 

EPOXY 

1 





2,698 

0.070 

0 028 

0.028 

2.25 

0.76 

0.533 

0130 

2 





2,767 

0.070 


0 028 

2 25 

0 76 

0.536 

0.131 

3 





3,118 

0 070 

0 028 

0.028 

2.25 

0 75 


0.137 

FIBERGLASS 

1 





2,698 

0.054 

0 030 

0.030 

2 50 

1.00 

1 00 

0.314 

2 





2,767 

0.054 

0 030 

0.030 

■ 

■ 

■ 

■ 

1 00 

0314 

3 

2 

4 

26 

3,118 

0.054 

0 030 

0 030 

■ 

■ 

■ 

■ 

1.00 

0315 

VEHICLE 1-14 
(UPPER BODY) 

ALUMINUM 

1 

12 

■a 

6,656 

0 200 

0.020 

0 021 

■ 

■ 

■ 

■ 

1.35 

0 936 

2 


1 



6,666 

0.200 

0 020 

0 021 

■ 

■ 

■ 

■ 

1.35 

0 936 

3 





6,679 

0.200 

0 020 

0.020 

wm 

n 

a 

1.43 

0 945 

CARBON/ 

EPOXY 

1 





6,656 

0.070 

0.028 

0 028 


0 75 

1.18 

0.606 

2 





6,656 

0.070 

0 028 

0.028 

2 25 

0 75 

1.18 

0.606 

3 





6,679 

0.070 

0 028 

0.028 

2 25 

0 75 

1.18 

0 606 

FIBERGLASS 

1 





6,656 

0.054 

0.030 

0 036 

2.50 

1.00 

1.42 

1.132 

2 





6,656 

0.054 

0 030 

0 036 

■ 

■ 

■ 

■ 

1.42 

1.132 

3 



63 

6,679 

0 054 

0 030 

0 036 


■ 

■ 

■ 

1 42 

1 132 

VEHICLE 1-14 
(LOWER BODY) 

ALUMINUM 

1 



41 

8,824 

0.200 

0.020 

0 021 


■ 

■ 

■ 

1 29 

0 692 

2 





9,077 

0.200 

0 020 

0 021 

■ 

■ 

■ 

* 

1.29 

0 692 

3 





9,582 

0.200 

0 020 

0 022 

2 50 


1.30 

0 730 

CARBON/ 

EPOXY 

1 





8,824 

0.070 

0 028 

0 042 

2 25 

0 75 

0 866 

0.512 

2 





9,077 

0.070 

0 028 

0 042 

2 25 

0 75 

0 874 

0518 

3 





9,582 

0.070 

0 028 

0 042 

2 25 

0 75 

0.890 

.0 526 

FIBERGLASS 

1 





8,824 

0.054 

0 030 

0 036 

2.50 

1 00 

1 39 

0.845 

2 





9,077 

0 054 

0 030 

0 042 

■ 

■ 

■ 

■ 

1.24 

0 882 

3 



41 

9,582 

0 054 

0 030 

0 042 

■ 

■ 

■ 

■ 

1 27. 

0 899 

VEHICLE 2-14 
(UPPER BODY) 

ALUMINUM 

1 



□ 

16 

6,119 

0.200 

0 020 

0 020 


■ 


■ 

1.24 

0710 

2 



■ 

■ 

6,119 

0.200 

0 020 

0 020 

m 

■ 

■ 

m 

1 24 

0710 

3 



■ 


6,220 

0.200 

0.020 

0 021 

wm 

1 00 

1 24 

0 746 

CARBON/ 

EPOXY 

1 



i 


6,119 

0.070 

0 028 

0 028 

2 25 

0.75 

1.03 

0 456 

2 



■ 

■ 

6,119 

0.070 

0 028 

0 028 

2 25 

0 75 

1.03 

0456 

3 



■ 

■ 

6,220 

0.070 

0.028 

0 028 

2 25 

0.75 

1 04 

0.457 

FIBERGLASS 

1 



■ 


6,119 

0.054 

0 030 

0.036 

2 50 

1 00 

1.25 

0 848 

2 



■ 

1 

6,119 

0.054 

0 030 

0 036 

2 50 

1.00 

1 25 

0 848 

3 


46 

6,220 

0 054 

0 030 

0 036 

2 50 

1 00 

1 25 

0 850 


* NON-OPTIMUM CASE 


42 




























































































































































































































































































































Table B-6: TRUSS STRUCTURE DATA (Cont) 


VEHICLE 

CONFIG 

URATION 

MATERIAL 

CASE 

MEM- 

BER 

QTY 

LENGTH 

(cm) 

LOAD 

(N) 

TUBE THICKNESS 
(cm) 

TUBE RADIUS 
(cm) 

WCIGHT 
PE II 

MEMBER 

(kg) 

MAX 

MIN 

DES 

MAX 

MIN 

DES 

VEHICLE 2-2 

ALUMINUM 

1 

24 

63 5 

12,000 

0,508 

0 051 

0 051 

6 35 

2.54 

2 59 

0.144* 

2 



■ 

■ 

12,308 

0.508 

0 051 

0 053 

6 35 

254 

2 62 

0.145* 

3 





13,869 

0 508 

0 051 

0.053 

6.35 

254 

254 

0.142 

CARBON/ 

EPOXY 

t 





12,000 

0 179 

0 071 

0.071 

6 72 

1 91 

1.35 

0.059 

2 





12,308 

0 179 

0 071 

0 071 

5 72 

1.91 

1.36 

0.0594 

3 





13,869 

0.179 

0 071 

0 071 

6.72 

1 91 

1 41 

0.062 

_ _ 

FIBERGLASS 

■■ 





12,000 

0 137 

0 076 

0.076 

6 35 

254 

2.54 

0.143 

2 



■ 

■ 

12,308 

0.137 

0 076 

0 076 

■ 

■ 

■ 

■ 

254 

0.143 

3 

24 

63.5 

13,869 

0 137 

0 076 

0 076 



■ 

■ 

2 54 

0 143 

VEHICLE 1-14 
(UPPER BODY) 

ALUMINUM 

1 

12 

134 62 

29,606 

0 508 

0 051 

0 053 


a 

■ 

■ 

3.43 

0 425 

2 







29,606 

0 508 

0 051 

0 053 

a 

a 

■ 

■ 

3 43 

0 425 

3 





29,708 

0 508 

0 051 

0 051 

6 35 

2 54 

3 63 

0.429 

CARBON/ 

EPOXY 

1 





29,606 

0 179 

0 071 

0 071 

5 72 

1 91 

3 00 

0 275 

2 





29,606 

0 179 

0 071 

0 071 

5 72 

1 91 

300 

0 275 

3 





29,708 

0.179 

0 071 

0 071 

5 72 

1.91 

3.00 

0 275 

FIBERGLASS 

1 





29,606 

0 137 

0 076 

0 091 

6 35 

254 

3 61 

0 514 

2 





29,606 

0.137 

0 076 

0 091 

a 

■ 

■ 

■ 

3 61 

0.514 

3 



134 62 

29,708 

0.137 

0 076 

0 091 


■ 

a 

■ 

3.61 

0 514 

VEHICLE 1-14 
(LOWER 80DY) 

ALUMINUM 

1 



104 14 

39,249 

0 508 

0.051 

0 053 


a 


■ 

3 28 

0.314 

2 





40,375 

0.508 

0051 

0 053 

a 

a 

■ 

■ 

3 28 

0 314 

3 





42,621 

0.508 

0 051 

0 059 

6 35 

254 

3 30 

0.331 

CARBON/ 

EPOXY 






39,249 

0 179 

0 071 

0 107 

5 72 

1 91 

2 20 

0 232 

2 





40,375 

0 179 

0 071 

0 107 

5 72 

1 91 

2 22 

0 235 

3 





42,621 

0 179 

0 071 

0 107 

5 72 

1.91 

2 26 

0.239 

FIBERGLASS 

1 





39,249 

0.137 

0 076 

0 091 

6 35 

2 54 

3 53 

0.384 

2 





40,375 

0 137 

0 076 

0 107 

a 

■ 

■ 

■ 

3.15 

0 400 

3 



104 14 

42,621 

0 137 

0 076 

0 107 

a 



■ 

3.23 

0.408 

VEHICLE 2-14 
(UPPER BODY) 

ALUMINUM 

1 



116 84 

27,217 

0 508 

0 051 

0 051 

■ 


a 

■ 

3/15 

0.322 

2 



■ 

■ 

27,217 

0 508 

0 051 

0 051 

a 

a 


■ 

3.15 

0.322 

3 



1 

■ 

27,667 

0 508 

0 051 

0 053 

6 35 

2 54 

3 15 

0 339 

CARBON/ 

EPOXY 

1 




■ 

27,217 

0 179 

0 071 

0 071 

5 72 

1 91 

2 62 

0 207 

2 



■ 

■ 

27,217 

0 179 

0 0/1 

0 071 

5 72 

1 91 

2 62 

0 207 

3 



■ 


27 667 

0 179 

0 071 

0 071 

5 72 

1 91 

2 64 

0 207 

FIBERGLASS 

1 

■ 


■ 


27,217 

0 137 

0 076 

0 091 

6 35 

254 

3 18 

0.385 

2 

a 


i 

■ 

27,217 

0 137 

0 076 

0 091 

6 35 

254 

3 18 

0 355 

3 

12 

116R4 

27,667 

0 137 

0 076 

0 091 

6 35 

2 54 

3 18 

0 386 


• NON On IMUM CASE 


43 







































































































































































































































































































































Table B-7: TRUSS STRUCTURE DATA (Com) 


VEHICLE 

CONFIG- 

URATION 

MATERIAL 

CASE 




1 


ALUMINUM 

2 





7 ° 



1 

uJ “ 

-J cc 

o UJ 1 

CARBON/ 

EPOXY 


11 



3 




1 


FIBERGLASS 

2 




3 




1 


ALUMINUM 

2 

n 

i 

<N 



3 



1 

J 

o 

CARBON/ 

EPOXY 

2 

I 

UJ 



3 




1 


FIBERGLASS 

2 




3 




1 


ALUMINUM 

2 

CO 



3 

1 

<N 



t 

UJ 

-J 

O 

CARBON/ 

EPOXY 

2 

X 

' UJ 



3 

> 



1 


FIBERGLASS 

2 




3 



a: 

UJ 

1 



CO 

2 - 

UJ 

2 

2 



3 

i 

UJ 

5 

o 

a: 

1 

-J 

U 

z 

s 

m 

2 ™ 

2 

X 

UJ 

> 

3 

-1 

< 

5 

3 



cc 

1 



CO _ 
2 w 

2 



2 

3 



•non-optimum case 


44 

































































































































































































































































































Table B-7: TRUSS STRUCTURE DATA (Cont) 


LOAD 

TUBE THICKNESS 
(cm) 

(N) 

MAX 

MIN 

DES 



TUBE RADIUS 
(cm) 


MAX 

MIN 

DES 

(Kg) 

8.35 

2.54 

3.12 

0 297 

6.35 

2.54 

3.16 

0 300 

6 35 

254 

3 25 

0 305 

5.72 

1 91 

2 67 

0.193 

5 72 

1.91 

2.77 

0 199 

5 72 

1.91 

2 97 

0 216 

1 

1 

3 33 

- 


' 



3 15 

0 352 





3 25 

0 360 

■■ 



2 82 

0 314 

■■ 



2.84 

0 313 


2.84 

0 321 

5 72 

1 91 

234 

0 197 

5 72 

1 91 

2 35 

0.198 

5 72 

1 91 

2 38 

0 201 

6 35 

254 

3 02 

0 329 

M 



3 05 

0 330 


L 



3 07 

0 334 

■■ 



3 68 

0 445 

n 



3 68 

0 445 

6 35 

254 

3 68 

0 445 

5 72 

1 91 

3 05 

0 282 

5 72 

1 91 

3 05 

0 282 

5 72 

1 91 

3 05 

0 282 

cara 

3 68 

0 523 

i 




3 68 

0 523 





3 68 

0 523 





3 40 

0412 





3 38 • 

0 444 

■■ 



3 35 

0 487 





3 58 

0414 





371 

0 451 

■■ 



3 86 

0 527 

■■ 



3 51 

0 540 

■■■ 


3 20 

0 602 

6 35 


3 28 

0 670 



45 






















































































































































































































































































Table B-8: TRUSS STRUCTURE DATA (Cont) 


VEHICLE 

CONFIG- 

URATION 


c- 

i 

ill 

-I 

o 

X 

UJ 

> 



46 
























































































































































































































Table B-8: TRUSS STRUCTURE DATA (Cont) 


VEHICLE MEM 

CONFIG- MATERIAL CASE BER 
URATION QTY 


TUBE THICKNESS 
(cm) 



0 076 


0 076 


0 046 0 076 


TUBE RADIUS 
(cm) 


MAX MIN DES 


6 35 2 54 




2 

84 

2 

84 

3 

28 

3 

38 

3 

45 

3 

48 

3 

63 

3 

77 

3 

38 

3 

40 

3 

53 

3 

96 

3 

1 

96 ! 

3 

96 

2 

64 

2 

64 

2 

64 

2 

69 

2 

69 

2 

69 

3 

00 

3 

00 

3 

00 


D 






























































































































































































































THIS PAGE INTENTIONALLY LEFT BLANK 


Table B-9: TRUSS STRUCTURE DATA (Cont) 


VEHICLE 

CONFIG 

ORATION 

MATERIAL 

CASE 

GB 


LOAD 

(lb) 

TUBE THICKNESS 
(in ) 

TUBE RADIUS 
(in ) 

WEIGHT 

PER 

MEMBER 

(lb) 

MAX 

MIN 

DES 

MAX 

MIN 

DES 

VEHICLE 1-7 

FIBERGLASS 

MEMBER 

8 

1 

8 

53 

5,700 

0 090 

0.018 

0.030 

2.50 

1 00 

1 44 

0.953 

2 

8 

53 

5,700 

0.090 

0 018 

0.030 

2 50 

1.00 

1 44 

0.953 

3 

8 

53 

5,700 

0.090 

0.018 

0.030 

2.50 

1.00 

1 44 

0.953 


Table B-9: TRUSS STRUCTURE DATA (Cont) 


vehicle 
CONFIG 
URA1 ION 

MATERIAL 

CASE 

1 


LOAD 

(N) 

TUBE THICKNESS 
(cm) 

TUBE RADIUS 
(cm) 

WEIGHT 

PER 

MEMBER 
• (Kg) 

MAX 

MIN 

DES 

MAX 

MIN 

DES 

VEHICLE 1-7 

FIBERGLASS 

MEMBER 

8 

1 

8 

134.62 

25,354 

0.229 

0.046 

0 076 

6.35 

2.54 

3.67 

0.433 

2 

8 

134.62 

25,354 

0 229 

0.046 

0.076 

6.35 

2.54 

3 67 

0.433 

3 

8 

134.62 

25,354 

0 229 

0 046 

0.076 

6.35 

2:54 

3.67 

0.433 






















































































Table B-10: CORRUGATED SHELL DATA 





H 

ULT 

CORRUGATION 

RINGS (ALUMINUM”) i 


VEHICLE 

CONFIG 

MATERIAL 

CASE 

LOAD 

DEPTH 
(m > 

SKIN 

THICKNESS 
Inn J 

WIDTH 

(in ) 

ANGLE 

Ideal 

NO 

SPAC 

ING 


RING HEIGHT 
(in 1 


WIDTH 

WEIGHT 





((b/in i 

^2 

m 


MAX 




I2H 

DES 






On i 

1HB 

a 

y 

DES 

y 

a 

BH 

frn i 



QJIQQJQKI 

1 

E 

a 

MEM 

nza 

EE3 

im 

|4£J 

im 


25 

»0 


Id 

EH 

MM 

EH 

0 

- 

- 

- 

- 

- 

- 

- 

- 

- 

0 328 


r • 0 10 LB/IN w 

2 

i 

1 

MEM 










0 020 




■ 


■ 




« 












0330 


LB/IN 2 

a 



na 



■ 

■ 










■ 

H 

■ 


m 


19 












0 337 

n 





MEM 















CT 



m 


EH 



i ■ 









0 186 

y 

e- 11 J« TO* 

2 



,38 















H 

■ 


■ 

■ 

MM 












0 187 

X 

111 

LB/IN* 

3 



EH 




■ 











hh 

■ 




47 












0 190 


FIBERGLASS 

1 







■ 

d 










mu 





60 












0 329 


E - 3 « 10® 

2 



MEM 





OH 

■ 

■ 





■ 

■ 


IZH 

















0 342 


LB/IN 2 

3 

E 

a 

Wl'~& 

■ 




iff 

■ 




fffWl 


■ 



Da 

■ 

■ 



n 












0 380 



1 

eh 

WM 





fen 







■ 



BB 


■ 



■9 












0 322 


ALUMINUM 

2 



na 





ha. i 





gfffl 


■ 



ns 


■ 



EH 












0 324 



3 



188 




■ 

mm 





gyffi 






IB 





EH 












0 324 

2 o 

CARBON 

EPOXY 

1 





t 


■ 

Him 








i 


na 





MM 






— 






0 176 

O O 

2 



wm 


■ 


■ 

rwfi 





B!gj 





IB 


















0 177 

X I* 
>* 


3 





■ 


■ 

El 





Btel 



■ 

■ 


■ 

■ 

■ 

■ 

El 












0 177 



1 



MEM 








■ 

■ 

i!W8 



■ 

■ 


■ 




EH 












B59 


FIBERGLASS 

2 

■ 

■ 

MEM 


■ 




■ 




lira 



■ 

■ 

it'ffti 

■ 

■ 



64 












0 260 



3 

E 

a 

■3 





isa 











■ 

■ 



56 












0 265 



1 

E 

a 

1 










ESI 




Ij 

Bfl 





50 












0 339 * 


ALUMINUM 

2 



EH 





ITffl 








■ 

■ 

IBM 





EH 












0 328 



3 



159 













■ 

1 

na 

■ 

■ 

■ 


wm 












0333 

l 1 


1 



MEM 














□ 

in 

■ 

■ 

■ 


*8 












0 177 

do 

CARBON 

EPOXY 

2 



EH 












|_ 


L 

IEI 





EH 












0179 



3 



EH 




H 






Ifcgi 





d 





■9 












0 182 



1 






■ 

■ 

i at 





IJ^AJ 





BH 





E9 












0 304 


FIBERGLASS 

2 

■ 

■ 




■ 

■ 

KZH 










na 





EH 


n 










0312 



Hi 


EH 





IT51 










ITi-'lii 

g 


1 


E9 

1 

168 


ESI 

BH 

■EH 

fO 

na 


EH 

0 322 



T 

z 












iifgi 





BH 

i 




El 

0 


18) 







•wm 

0 340 

N 

ALUMINUM 

2 


■ 

EH 





^33 





fm 










El 











0348 

PI 

til 


3 



360 





a788 





Wlffl 





Si 





EH 











0 353 

O 


1 



EH 





ITjf8 





Kff*l 





EH 




— 

EH 











0 187 

IU 

■> 

EPOXY 

2 

; 


326 

■ 

■ 

■ 

■ 






BIMI 






OH 





EH 

■ 










0 195 



3 

22 

360 

EH 



0.050 

ITffl 


2. 

30 

B 

a 



0 

EH 


~ 










0 197 


STUDY MATT. USED FOR RING REINF 


NON -OPTIMUM CASE 


0 197 





































































VEHICLE 2-2 VEHICLE 1-2 VEHICLE 1-2 VEHICLE 1-3 

(LF- ON TOPI (LH- ON TOPI 
































































































































































Table B-11: CORRUGATED SHELL DATA (Cont) 


VEHICLE 

CONFIG 

MATERIAL 

CASE 



1 

VEHICLE 2-2 

FIBERGLASS 

2 



3 



1 


ALUMINUM 

2 

= ! 


3 



ds 

GAROON 

EFOXY 

2 



3 

> =i 


1 


FIBERGLASS 

2 



3 



1 


ALUMINUM 

2 



3 

: 9 

-s 

!3i 


t 

CARBON 

EFOXY 

MM 

11 


3 

>si 


1 


FIBERGLASS 

2 



3 



i 


ALUMINUM 

2 



3 

7 a 


1 

u a 

J it 

u S 
11 

CARBON 

EFOXY 

2 


3 


CORRUGATION 


Ino ^'| ness 


REINFORCEMENT 

THICKNESS 

(cm) 


l uiPffigtarmpgirBa l 


FIBERGLASS 


IBIKSIBIBaBa 
















































































Table B-12: CORRUGATED SHELL DATA (Cont) 
















































































Table B-12 CORRUGATED SHELL DATA (Cont) 


VEHICLE 

CONFIG 

MATERIAL 

CASE 

< 

- S 

CARBON 

EPOXY 

! 

2 

Sf 


a 

u £ 


t 

> =d 

FIBERGLASS 

2 



3 


ALUMINUM 

1 



3 | 

r* 



u 

EPOXY 

j 

■X 

III 


3 



1 


FI8ERGLASS 






ALUMINUM 

1 

2 



3 



1 

-i 

O 

z 

EPOXY 

3 

> 

FI8ERGLASS 

1 

7 



3 



1 


ALUMINUM 

2 



3 

III 

u 

CARSON 

EPOXY 

1 

2 

£ 


3 



1 


FIBERGLASS 

2 



3 


CORRUGATION 


SKIN 

THICKNESS 

(cm) 


SPAC 
INO inG 


RING HEIGHT 
(cml 


REINFORCEMENT 

THICKNESS 

(cm) 


jWlOTH 
(cm) (Kfl m^J 









































































Table B-13: ADAPTER TRUSS DATA 




0 402 
0 408 
0 620 
0 627 
0 638 
2 47 
2 48 
2 51 
0 331 
0 333 

0 347 

1 57 
1 60 
1 63 
1 70 
1 95 
201 
0 225 
0 225 

0 227 

1 57 
1 58 
1 63 

1 99 

2 01 
2 06 
0 320 



56 





































































































































































































Table B-13: ADAPTER TRUSS DATA 


VEHICLE 

CONFIG- 

URATION 


MATERIAL CASE 




109 22 


109 22 


109 22 


137 16 


137 16 


137 16 


24,037 


24,927 


26,528 


28,618 


29,504 


31,034 


TUBE THICKNESS 
(cm) 


MAX MIN OES 


0 178 


TUBE RADIUS 
(cm) 


MAX MIN DES 



5 72 1 91 2 42 


2 45 


1 


261 62 

42,212 

■■■■ 

0 107 



4 19 

1 121 

2 


261 62 

43,034 


0 107 



4 22 

1 126 

3 


261 62 

44,524 


0 107 



4 27 

1 140 

1 


96 52 

25 567 


0 071 



2 28 

0 150 

2 


96 52 

26,346 

■■■■ 

0 071 



2 30 

0 151 

3 

WM 

96 52 

27,844 


0 071 



241 

0 158 

1 

IB 

185 42 

60,137 

■■■■ 

0 107 



3 73 

0713 

2 


185 42 

63,517 


0 107 



3 80 

0 726 

3 


185 42 

67,343 


0 107 



3 90 

0 740 

1 


177 80 

59,381 

■■■■ 

0 142 



3 18 

0 772 

2 


177 80 

61,115 

■■■■ 

0 142 



3 67 

0 885 

3 

■a 

177 80 

65,208 


0 142 



3 76 

0913 

1 

24 

78 74 

20,843 


0 071 



1 905 

0 102 

2 

24 

78 74 

21.653 


0 071 



1 905 

0 102 

3 

24 

78 74 

23,267 


0 071 



1 93 

0 103 

T 

12 

190 30 

54,532 


0 107 



3 68 

0713 

2 


190 50 

54,532 





371 

0717 

3 


190 50 

60,537 





1 50 

0 740 

1 


218 44 

55,092 





404 

0 903 

2 


21844 

56.632 





4 09 

0913 

3 

■a 

218 44 

60,551 


BE9 



4 19 

0 935 

1 

24 

89 92 

33,124 

■■■■ 

0 071 



2 37 

0 145 

2 

24 

89 92 

35,562 


0 071 



2 43 

0 148 

3 

24 

89 92 

37,995 

QB3B3I 

0 071 

S3 

1 91 

2 49 

0 152 



57 
































































































































































































Table 8-14: STRUCTURAL WEIGHT SUMMARY 



* CASE 1 - LOW PAYLOAD - 4" 

CASE 2 - MED PAYLOAD - L/D = 0.2 
CASE 3 - HIGH PAYLOAD - L/D = 0.5 
** INCLUDING END FTG'S AND ATTACHMENTS 


t BODY PLUS ADAPTER 


58 




































































































































Table B-14: STRUCTURAL WEIGHT SUMMARY 



* CASE 1 - LOW PAYLOAD - 4" 

CASE 2 - MED PAYLOAD - L/D = 0.2 
CASE 3 - HIGH PAYLOAD - L/D = 0.5 
’* INCLUDING END FTG’S AND ATTACHMENTS 


t BODY PLUS ADAPTER 


59 








































































































































Table B-15: WEIGHT SUMMARY (Cont) 


MATERIAL 

WEIGHT 


(lb/ft 2 ) 



BER BODY 
WT 



yoS 

X o < 
UJ 00 o 


ADAPTER 



ADAPTER 



ADAPTER 


J >. " 

S2qS 


TRUSS 


TRUSS 


CORRUG. 


HC. 

SANDWICH 


TRUSS 


TRUSS 


CORRUG 


H.C 

SANDWICH 


TRUSS 


ALUM 


CARBON 


TRUSS 


CORRUG. 


# CASE 1 
CASE 2 
CASE 3 



CARBON 

EPOXY 


ALUM 


CARBON 

EPOXY 


0.459 


0 284 


FIBERGLASS 0 .475 


ALUM 


CARBON 

EPOXY 


0.601 


0.333 


FIBERGLASS 0 .430 


ALUM 




EPOXY 


FIBERGLASS 


CARBON 

EPOXY 


ALUM 


0.471 


0.295 


FIBERGLASS 0.536 


- LOW PAYLOAD - 4" 

- MED PAYLOAD - L/D = 
HIGH PAYLOAD - L/D = I 


BODY PLUS ADAPTER 


60 














































































































































Table B-15: WEIGHT SUMMARY (Cont) 


MATERIAL 

WEIGHT 


(Kg/m 2 ) 



EMBER BODY 
TY WT 



TOTAL 

WEIGHT 


On 111 
-gio 
I O < 



TRUSS 


CARBON 

EPOXY 


FIBERGLASS 


TR||q _ CARBON 
l KUbb epoxy 


ALUM 


CARBON 

COR RUG EPOXY 


2.15 


1 34 


FIBERGLASS 2 33 


ALUM 

H C CARBON 

SANDWICH EP0XY 

FIBERGLASS 2 10 


ALUM 



11 8 23 8 


92 204 


1 1 75 23 8 


11 2 


36 7 49.1 


33 9 47 2 


45 5 59 0 


56 6 7 0 0 


35 8 49 0 


41 6 '55 0 


16 8 30 8 



TRUSS 

CARBON 

EPOXY 


0 273 
0 232 


12 

12 

6 1 

13 2 

26 7 

FIBERGLASS 


0.514 
0 374 


12 

12 

109 

19 1 

32 7 

ADAPTER 

TRUSS 

CARBON 

EPOXY 


0 708 


12 

86 

13 6 

- 

' " - - 

VEHICLE BODY 
(CASE 2) 

CORRUG 

ALUM 

2.24 


12.3 


27 5 

37 5 

51 4 

CARBON 

EPOXY 

1.39 


■ 

■ 


172 

36 0 

49 5 

FIBERGLASS 

2 32 





28 5 

47.3 

61 4 

HC 

SANDWICH 

ALUM 

2.94 





362 

58 1 

72 3 

CARBON 

EPOXY 

1 62 


■ 

■ 


20 0 

37 2 

51 0 

FIBERGLASS 

2 15 


12.3 


25 8 

43.0 

568 

TRUSS 

ALUM 


0 425 
0.315 


12 

12 

89 

16 8 

30 8 

CARBON 

EPOXY 


0 273 
0 235 


12 

12 

62 

13 3 

27 2 

FIBERGLASS 


0 514 
0402 


12 

12 

11 0 

18 8 

32 3 

ADAPTER 

TRUSS 

CARBON 

•EPOXY 


0 726 


12 

87 

138 

- 

VEHICLE 
BODY 
(CASE 3) 

CORRUG 

ALUM 

2.35 


12.3 


28.3 

39 5 

53 7 

ESsESSM 

1.44 


12 3 


17 7 

386 

52.3 

FIBERGLASS 

2.62 


12.3 


32.2 

532 

67 3 


* CASE 1 - LOW PAYLOAD - 4" t BODY PLUS ADAPTER 

CASE 2 - MED PAYLOAD - L/D = 0.2 
CASE 3 - HIGH PAYLOAD - L/D = 0 5 


61 




















































































































































VEHICLE 1-2 (LH, ON TOP) VEHICLE 1-14 


Table B-16: WEIGHT SUMMARY (Cont) 


MATERIAL 

WEIGHT 


(lb/ft 2 ) 



EMBER BODY 
TY WT 



TOTAL 

WEIGHT 



ADAPTER 


ADAPTER 


ADAPTER 


H C CARBON 

SANDWICH EPOXY 

FIBERGLASS 


ALUM 


TRUSS 


TRUSS 


CARBON 

EPOXY 


FIBERGLASS 


CARBON 

EPOXY 


COR RUG 


CARBON 

EPOXY 


FIBERGLASS 


ALUM 

H C ' CARBON 

SANDWICH EPOXY 

FIBERGLASS 


TRUSS 


TRUSS 


CARBON 

EPOXY 


FIBERGLASS 


CARBON 

EPOXY 


CARBON 

CORRUG EPOXY 

FIBERGLASS 


ALUM 

HC “CARBON 

SANDWICH EPOXY 

FIBERGLASS 


ALUM 


TRUSS 


TRUSS 


CARBON 

EPOXY 


FIBERGLASS 


CARBON 

EPOXY 



CASE 1 - LOW PAYLOAD - 
CASE 2 - MED PAYLOAD - 
CASE 3 - HIGH PAYLOAD 


4" 

L/D = 0 2 
- L/D = 0 5 


BODY PLUS ADAPTER 


62 



































































































































VEHICLE 1-2 (LH, ON TOP) VEHICLE 1-14 


Table B-16 


MATERIAL 


WEIGHT 

(Kg/m 2 ) 


> 

Q 

O 


CQ ~ 

n 


LU 

UJ 


^ < 


X o 

til 

> 


ADAPTER 


ALUM 


H.C 

SANDWICH 


CARBON 

EPOXY 


FIBERGLASS 


ALUM 


TRUSS 


CARBON 

EPOXY 


FIBERGLASS 


TRUSS 


CARBON 

EPOXY 


2 94 


1 63 


2 15 


> 

Q 

O 

03 — 


111 


a 


to 


!=! < 


x o 

Ul 

> 


ADAPTER 


> 

a 

o 

m — 
CM 
UJ 


CO 


^ < 


i a 

UJ 
> 


ADAPTER 


ALUM 


CORRUG 


CARBON 

EPOXY 


FIBERGLASS 


ALUM 


H.C 

SANDWICH 


CARBON 

EPOXY 


FIBERGLASS 


ALUM 


TRUSS 


CARBON 

EPOXY 


FIBERGLASS 


TRUSS 


CARBON 

EPOXY 


ALUM 


CORRUG 


CARBON 

EPOXY 


FIBERGLASS 


ALUM 


H.C. 

SANDWICH 


CARBON 

EPOXY 


FIBERGLASS 


ALUM 


TRUSS 


CARBON 

EPOXY 


FIBERGLASS 


TRUSS 


CARBON 

EPOXY 


1 57 


0 865 


1 17 


294 


1 63 


2 15 


1 58 


0 865 


1 27 


2 94 


1 63 


2 15 


* CASE 1 - LOW PAYLOAD - 4" 

CASE 2 - MED PAYLOAD - L/D = 0.2 
CASE 3 - HIGH PAYLOAD - L/D = 0 5 


T SUMMARY (Cont) 



AREA 

(m 2 ) 

MEMBER 

QTY 

BODY 

WT 

(Kg) 

AD- 

JUSTED 

WT 

(kg)* 

TOTAL 

WEIGHT 

(Kg) t 


12 3 


36 1 

605 

74 5 


123 


20 0 

39.0 

53 0 


123 


25 8 

448 

586 

0 430 
0 332 


12 

12 

92 

17 5 

31 7 

0 273 
0.238 


12 

12 

6.17 

13.4 

27 4 

0 514 
0 407 


12 

12 

11 2 

190 

33 2 

0 741 


12 

89 

14 3 

- 


0.42 


65 

11 2 

25 4 


■ 

■ 


35 

124 

26 7 





49 

139 

27 8 





12.3 

22.6 

36 9 


■ 

■ 


67 

14.8 

29 0 


0.42 


87 

168 

30 9 

0.130 


24 

3.2 

9 1 

23 3 

0 054 


24 

1 3 

6.3 

20 5 

0.132 


24 

32 

9.12 

23 4 

0.282 


24 

68 - 

144 

- 


0 42 


67 

11 8 

26 4 





36 

136 

28.2 





53 

153 

29 9 





123 

23 9 

38 5 





67 

157 

30 4 


0 42 


87 

17 8 

32 3 

0.130 


24 

3 13 

92 

23 8 

0 056 


24 

1 36 

6 45 

21 1 

0.132 


24 

3 13 

92 

23 9 

0 285 


24 

6 75 

14 6 

— 


t BODY PLUS ADAPTER 


» 


63 

















































































































































VEHICLE 1-2 (LF-, ON TOP) VEHICLE 1-2 (LH- ON TOP) 


Table B-17: WEIGHT SUMMARY (Cont) ' 


MATERIAL 

WEIGHT 

(lb/ft 2 ) 

ALUM 

0 324 


0 177 

FIBERGLASS 

0 265 

ALUM 

0.601 


0.333 

FIBERGLASS 

0 430 




body' 

WT 

(lb) 

AD- 

JUSTED 

WT 

(lb) 

TOTAL 

WEIGHT 

(lb) t 

14 4 

28 1 

607 

7.9 

33 9 

66 5 

11 8 

37 8 

70 4 

26 8 

57 3 

899 

14 8 

38 4 

71 0 

19.2 

42 8 

75 4 

69 

20 7 

53 3 

33 

154 

48 0 

69 

20 8 

53 4 

153 

32.6 

- 

28 7 

36 9 

67 8 

15.5 

31 1 

62 0 

26 6 

42 2 

73 1 

52 5 

70.9 

101.8 

29 1 

43 3 

74 2 

37 6 

51 8 

82 7 

11 4 

23 8 

547 

6 1 

17 7 

48.6 

11 0 

23 5 

54 4 

59 

30.9 

- 

28 7 

38 1 

69.8 

15.7 

33 5 

65 2 

27.3 

45 1 

76.8 

52 5 

73 5 

105 2 

291 

453 

77.0 

37 6 

53 8 

85 5 


64 

































































































































VEHICLE 1-2 (LF 9 ON TOP) VEHICLE 1-2 (LH, ON TOP) 


Table B-17: WEIGHT SUMMARY (Cont) 



ADAPTER 



ADAPTER 


CORRUG 


HC 

SANDWICH 


TRUSS 


TRUSS 


CORRUG 


HC 

SANDWICH 


MATERIAL 

WEIGHT 


(Kg/m 2 ) 

ALUM 

1.58 

CARBON 

EPOXY 

0.87 

FIBERGLASS 

1.29 

ALUM 

2.94 

CARBON 

EPOXY 

1.63 



BEH BODY 
WT 



total 

WEIGHT 
(Kg) t 




TRUSS 


CORRUG 


HC. 

SANDWICH 


FIBERGLASS 


ALUM 


CARBON 

EPOXY 


FIBERGLASS 


CARBON 

EPOXY 


FIBERGLA 


ALUM 


CARBON 

EPOXY 


FIBERGLASS 


ALUM 


CARBON 

EPOXY 


FIBERGLASS 


CARBON 

EPOXY 


CARBON 

EPOXY 


FIBERGLASS 


ALUM 


FIBERGLASS 


65 

127 

27 7 

3.6 

154 

30 2 

5 45 

16.8 

32.0 

124 

27.0 

40 8 

6 72 

17.4 

32 3 

8.72 

19.5 

343 

3.2 

9 

4 

24 2 

1 5 

7.0 

21 8 

3.2 

9.38 

24 3 



24 

5.18 

108 

24 

2 

7 

804 

24 

5 

0 

10 7 

24 

2 

7 

14 1 



65 










































































































































VEHICLE 2-2 ' VEHICLE 1-2 (LF, ON TOP) 


Table B-18: WEIGHT SUMMARY (Cont) 


MATERIAL 

WEIGHT 


(lb/ft 2 ) 



EMBEH BODY 
TY WT 




0 348 


0 195 


FIBERGLASS 0 406 


t BODY PLUS ADAPTER 


66 




































































































































Table B-18: WEIGHT 



MATERIAL 

WEIGHT 

(Kg/m 2 ) 


VEHICLE 
BODY 
(CASE 2) 

TRUSS 

ALUM 


CARBON 

EPOXY 


FIBERGLASS 


oT 

O 

\— 

z 

o 

CN 

Li. 

_J 

CM 

l 

LU 

-J 

0 

1 
LU 
> 

ADAPTER 

TRUSS 

BStEQHH 


a 

VEHICLE BODY 
(CASE 3) 

CORRUG 

ALUM 

1 63 

CARBON 

EPOXY 

0 89 

FIBERGLASS 

'1.57 

H C 

SANDWICH 

ALUM 

2 94 

CARBON 

EPOXY 

1 63 

FIBERGLASS 

2 15 

TRUSS 

ALUM 


CARBON 

EPOXY 




ADAPTER 

TRUSS 

CARBON 

EPOXY 


VEHICLE 2-2 

VEHICLE BODY 
(CASE 1) 

CORRUG 

ALUM 

1 66 

CARBON 

EPOXY 

0.914 

FIBERGLASS 

1.92 

H.C 

SANDWICH 

ALUM 

2.94 

CARBON 

EPOXY 

1 63 

FIBERGLASS 

2.10 

TRUSS 

ALUM 


CARBON 

EPOXY 


FIBERGLASS 


ADAPTER 

TRUSS 

CARBON 

EPOXY 


VEHICLE 
BODY 
(CASE 2) 

CORRUG 

ALUM 

0.170 

CARBON 

EPOXY 

0.952 

FIBERGLASS 

1 97 


t BODY PLUS ADAPTER 



67 

























































































































































Table B-19: WEIGHT SUMMARY (Cont) 


MATERIAL 

WEIGHT 

WT/MEM 

AREA 


(lb/ft 2 ) 

(lb) 

(ft 2 ) 


1 

BODY 

WT 

AD- 

JUSTED 

WT 

(lb) 

(lb) 



FIBERGLASS 


EPOXY 


t BODY PLUS ADAPTER 


68 













































































































































Table B-19. WEIGHT 


MATERIAL 


WEIGHT 


(Kg/m 




ALUM 

294 

> 

Q 

r~ i 

H C 

SANDWICH 

CARBON 

EPOXY 

1.63 

HICLE B( 
(CASE 2) 


FIBERGLASS 

2 10 


ALUM 


Hi 

> 

TRUSS 

CARBON 

EPOXY 




FIBERGLASS 


ADAPTER 

TRUSS 

CARBON 

EPOXY 




ALUM 

1 73 


CORRUG 

"CARBON 

EPOXY 

0 963 



FIBERGLASS 

1 99 

S- 



EHICLE BOD' 
(CASE 3) 


ALUM 

2.94 

HC 

SANDWICH 

CaRboN 

EPOXY 

1 63 


FIBERGLASS 

2 10 

> 


alum 



TRUSS 

CaRbOnI 

EPOXY 




FIBERGLASS 


ADAPTER 

TRUSS 

CARBON 

EPOXY 




ALUM 

2 43 


CORRUG 

CARBON 

EPOXY 

1 28 



FIBERGLASS 

2 12 

>■ 

Q 

O „ 


ALUM 

2.94 

LU LD 
-1 CO 

H C 

SANDWICH 

CARBON 

EPOXY 

1.63 

0 < 

1 y 

Ui 


FIBERGLASS 

2 10 

> 


ALUM 



TRUSS 

CARBON 

EPOXY 

i 



FIBERGLASS 


ADAPTER 

TRUSS 

CARBON 

EPOXY 



t BODY PLUS ADAPTER 

/ 



69 













































































































































Table B-20: WEIGHT SUMMARY (Cont) 


MATERIAL 



EMBER BODY 
TY WT 



CORRUG 


H C 

SANDWICH 


TRUSS 


TRUSS 


CORRUG 




FIBERGLASS 


ALUM 


FIBERGLASS 


ALUM 


CARBON 

EPOXY 


FIBERGLASS 


CARBON 

EPOXY 


CARBON 

EPOXY 


FIBERGLASS 


ALUM 


CARBON 

EPOXY 


FIBERGLASS 


ALUM 


CARBON 

EPOXY 


FIBERGLASS 


CARBON 

EPOXY 



0 

746 

0 

672 

0 

457 

0 

475 

0 

850 

0 

794 

CM 

01 




58 1 

76 1 

308 

649 

51 8 

85 9 

67 5 

107 6 

37 4 

68 4 

484 

79 4 

164 

33.1 

108 

26 3 

19 5 

35 8 

23 4 

33 5 

62 5 

82 7 

33 2 

71 4 

56 4 

94 6 

67 5 

112 5 

37 4 

72 2 

48 4 

83 2 

170 

33 9 

11 2 

26 9 

197 

35.9 

24 1 

34 7 

35 7 

45 1 

19 5 

37 3 

36 4 

542 

62 7 

83 7 

348 

5T 0 

45 0 

61 2 


TOTAL 

WEIGHT 

(lb) t 


109 6 


98 4 


1194 


141 1 


101 9 


1129 


66 6 


59 8 


69 3 


70 


































































































































Table B-20: WEIGHT SUMMARY (Cont) 


ADAPTER 


ADAPTER 


MATERIAL 

WEIGHT 


(Kg/m 2 ) 




CORRUG 


H C 

SANDWICH 


TRUSS 


TRUSS 


CORRUG 


H C 

SANDWICH 


CARBON 

EPOXY 


FIBERGLASS 


ALUM 


CARBON 

EPOXY 


FIBERGLASS 


ALUM 


CARBON 




FIBERGLASS 


CARBON 

EPOXY 



ALUM 


CARBON 





TRUSS 


CORRUG 


H C 

SANDWICH 


FIBERGLASS 


CARBON 





ALUM 

2 72 

CARBON 

EPOXY 

1 44 

FIBERGLASS 

2 45 

ALUM 

2 94 

CARBON 

1 



FIBERGLASS 

2 10 


ALUM 

1 67 

CARBON 

0.915 



FIBERGLASS 

1 70 

ALUM 

2.94 

CARBON 

EPOXY 

1 63 

FIBERGLASS 

2 10 



EMBER BODY 
TY WT 




TOTAL 

WEIGHT 

(Kg) t 



71 







































































































































Table B-21: WEIGHT SUMMARY (Cont) 



A > 

Oqiii 

> “9 


ADAPTER 


ADAPTER 


ADAPTER 


O o U» 

*s< 

> y 


MATERIAL 

WEIGHT 


(lb/ft 2 ) 



TRi icc CARBON 
EPOXY 

FIBERGLASS 


TRIIRC CARBON 
TRUSS EP0XY 


ALUM 


CORRUG CARBON 
CuHnUu EPOXY 



0 350 


0 197 


FIBERGLASS 0 .360 


ALUM 

H C CARBON 

SANDWICH EPOXY 

FIBERGLASS 0 .430 


Tm ice CARBON 
mubb EPOXY 

FIBERGLASS 


tri icc CARBON 
TRUSS EPOXY 


ALUM 


CORRUG CARBON 


0 379 


0 205 


FIBERGLASS 0.371 


ALUM 


CARBON 


SANDWICH I EPOXY 


TRUSS 


TRUSS 


FIBERGLASS 0.430 


ALUM 


CARBON 

EPOXY 


FIBERGLASS 



ALUM 

0.447 

CARBON 

EPOXY 

0.285 

FIBERGLASS 

0.417 
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Table B-21: WEIGHT SUMMARY (Cont) 


MATERIAL 

WEIGHT 


(Kg/m 2 ) 



EMBER BODY 
TY WT 



TOTAL 

WEIGHT 

(Kg) t 




you 
I o 2 


CORRUG 


FIBERGLASS 2 03 


t BODY PLUS ADAPTER 


73 

























































































































































Table B-22: WEIGHT SUMMARY (Cont) 



ADAPTER 


ADAPTER 


AOAPTER 


MATERIAL 

WEIGHT 


(lb/ft 2 ) 


ALUM 


H C CARBON 

SANDWICH EPOXY 



TRUSS 


TRUSS 


CORRUG 


HC 

SANDWICH 


0.601 


0 333 


FIBERGLASS 0 430 


ALUM 


CARBON 

EPOXY 


FIBERGLASS 


CARBON 

EPOXY 


ALUM 


0 498 


0 295 


FIBERGLASS 0427 


0 601 


0 333 


FIBERGLASS 0 430 


CARBON 

EPOXY 


ALUM 


CARBON 


l»iMV 


ALUM 

TRUSS CARBON 




FIBERGLASS 


TRUSS I CARBON 






ALUM 

0 520 

CARBON 

0 316 



FIBERGLASS 

0 453 

ALUM 

0 601 

CARBON 

EPOXY 

0 333 

FIBERGLASS 

0.430 



CARBON 

TRUSS EPOXY 

FIBERGLASS 


TnllI , r CARBON 
TRUSS EPOXY 
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Table B-22: WEIO 




MATERIAL 

WEIGH' 




(Kg/m 2 




ALUM 

2 93 


> 

H C 

SANDWICH 

CARBON 

EPOXY 

1.63 


o _ 

ca 


FIBERGLASS 

2 10 


-J CO 

o < 


ALUM 



i B 

Ui 

> 

TRUSS 

CARBON 

EPOXY 





FIBERGLASS 



ADAPTER 

TRUSS 

CARBON 

EPOXY 





ALUM 

2 43 



CORRUG 

CARBON 

EPOXY 

1 44 




FIBERGLASS 

2 08 


> 

a 

o _ 


ALUM 

2 93 

CO 

1 

oa <m 

Ui LU 

-1 w 

H C 

SANDWICH 

CARBON 

EPOXY 

1 63 

CN 

LU 

-1 

CJ < 

5B 

Ui 


FIBERGLASS 

2 10 

a 

X 

> 


ALUM 


> 


TRUSS 

CARBON 

EPOXY 





FIBERGLASS 



ADAPTER 

TRUSS 

CARBON 

EPOXY 





ALUM 

2.54 



CORRUG 

CARBON 

EPOXY 

1 54 




FIBERGLASS 

2 21 


EHICLE BOD' 
(CASE 3) 


ALUM 

2.93 


H C 

SANDWICH 

CARBON 

EPOXY 

1 63 



FIBERGLASS 

2 10 


> 


ALUM 




TRUSS 

CARBON 

EPOXY 





FIBERGLASS 



ADAPTER 

TRUSS 

CARBON 

EPOXY 



t BODY PLUS ADAPTER 
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Table B-23: WEIGHT SUMMARY (Cont) 


ADAPTER 


ADAPTER 


MATERIAL 

WEIGHT 

(lb/ft 2 ) 

ALUM 

0 780 


0 400 

FIBERGLASS 

0 930 

ALUM 




TRUSS CARBON 
EPOXY 


ALUM 


CARBON 

COR RUG EPOXY 


0 820 


0.420 


FIBERGLASS 0.980 


ALUM ' 




CORRUG CARBON 0.440 


FIBERGLASS 103 


ALUM 


ADAPTER 


TRUSS 


TR1 .oo CARBON 
TRUSS EPOXY 




9 


97 0 


49 6 


1162 1632 

45 0 75 1 


44 

42 3 

24 

80 



76 











































































Table B-23: WEIGHT SUMMARY (Cont) 



MATERIAL 

WEIGHT 

(Kg/m 2 ) 

B 

AREA 

(m 2 ) 


BODY 

WT 

(Kg) 

AD- 

JUSTED 

WT 

(Kg) 

TOTAL 

WEIGHT 

(Kg) t 



CORRUG 

ALUM 

3 80 


105 


40 0 

49 3 

59 8 

CARBON 

EPOXY 

1 95 


10 5 


20 5 

382 

487 

VEHICLE BODY 
(CASE 1) 

FIBERGLASS 

4 54 


105 


47 7 

654 

75 9 

TRUSS 

ALUM 


- 


44 

188 

32 2 

42 7 









FIBERGLASS 




44 

183 

32 8 

43 3 




























ADAPTER 

TRUSS 

CARBON 

EPOXY 


m 


24 

35 

105 

- 


CORRUG 

ALUM 

4 00 


105 


42 0 

52 4 

63 3 

VEHICLE 1-7 

VEHICLE BODY 
(CASE 2) 

CARBON 

EPOXY 

2.05 


105 


21 5 

41 1 

52 0 

FIBERGLASS 

4 78 


105 


504 

70 0 

80 9 

TRUSS 

ALUM 




44 

19 5 

33.1 

440 









FIBERGLASS 




44 

187 

33 4 

444 




























ADAPTER 

TRUSS 

CARBON 

EPOXY 


0148 


24 

36 

10 9 

- 

VEHICLE BODY 
(CASE 3) 

CORRUG 

ALUM 

4.20 


105 


440 

55 4 

66.8 

CARBON 

EPOXY 

2.15 


105 


22 5 

43 9 

55 3 

FIBERGLASS 

5 03 


10.5 


52 8 

74.1 

85 5 

TRUSS 

ALUM 




44 

20 4 

34 1 

45 5 









FIBERGLASS 




44 

192 

344 

45.8 

ADAPTER 

TRUSS 

CARBON 

EPOXY 


0152 


24 

36 

11 4 

- 


t BODY PLUS ADAPTER 


77 
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APPENDIX C 


METEOROID PROTECTION 

This appendix discusses the meteoroid environment and the method of laboratory 
simulation, derivation of the Earth-Mars trajectory for the study vehicles, the 
design meteoroid sizes for the study, a tabulation of weights for the materials 
used in the tests, and the design curves developed in the course of the study. 

METEOROID ENVIRONMENT 

Meteoroid experimental information comes from two primary sources: meteors in 
the Earth's upper atmosphere and satellite impact records. None of the sources 
of the information provide meteoroid mass directly except meteorite finds which 
are of no interest here. 

The most important sources of information on meteors are the photographic ob- 
servations. This covers a mass range down to about 0.01 grams. Figure C-l is 
a cumulative distribution of a sample of sporadic photographic meteors as a func- 
tion of brightness, using the stellar magnitude scale (Reference C-l). Since the 
total collecting rate of the cameras is known, the cumulative flux as a function 
of magnitude can be approximated (Reference C-2) as 

log N = 0.537 M p - 4.34 (km" 2 hr" 1 ) 

The equations of meteor physics and an average meteor velocity (variously taken 
as 16.5, 20, 35, 40 km/sec) can be used to obtain a mass flux curve. These 
average values are usually obtained from the raw data: 35 km/sec from photo- 
graphic data, 40 km/sec from radar data, and the other values resulting from 
various data weighting schemes. 

A derivation of the velocity distribution (Reference C-3) was considered here. 

From Figure C-l note that the sample appeared to be complete only to magnitude 
one. The roll-off was not a real effect. Rather, it was caused by the limiting 
sensitivity of the photographic system. 

If the sensitivity were independent of velocity, the raw data would provide a 
velocity distribution at constant brightness. However, slow meteors are easier 
to see, and the limiting magnitude extends to much fainter meteors for low 
velocities than for high velocities. The sensitivity dependence is essentially 
inversely as the velocity, as would be expected. To eliminate those observa- 
tional biases, the total sample of Figure C-l is divided into small velocity inter- 
vals with distributions of the same form in each. The velocity distribution of 
the raw data was obtained from the total number in each velocity interval. This 
is called the observed distribution in Figure C-2. Next, the portion of the dis- 
tribution where the data was complete was fitted by a straight line in each 
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interval with the same slope as in Figure C-1. From these straight lines the 
constants in equations of the form shown in Figure C-1 are obtained, but now 
for each velocity interval. From the theory of meteor physics (Reference C-4) 
a relationship among magnitude Mp, velocity V, and mass m is obtained. 

By this means the number per unit velocity interval at constant mass is then ob- 
tained with the observational bias removed. The average velocity of meteors in 
the earth's atmosphere is computed to be 16.5 km/sec. The average velocity 
for impact on a near earth sateMifeis 17.8 km/sec. 

The velocity distribution in the absence of the Earth's field is also shown in 
Figure C-2. The average of this distribution is 14.1 km/sec, however, the 
average for impact is 17.0 km/sec. Meteoroid velocities relative to a space- 
craft can range from 0 to 70 km/sec; however, 90 percent of the population is 
in the range 0 to 20 km/sec. 

Taking the appropriate average over the velocity distribution, the luminous flux 
of Figure C-1 is converted to a mass flux, given by 

log N = -1.21 log m - 13.85 (M sec ) 

where m was in grams. When the influence of the Earth's field on the flux 
is removed: 

i 

log N = -1.21 log m - 14.20 

which is shown as the straight line portion of Figure C-3, This is the flux en- 
countered by a spacecraft at Earth's distance from the sun, but not near Earth 
itself. 

The meteoroid satellites such as Explorer 16 and 23, Pegasus 1, 2, and 3, and 
also the Lunar Orbiters provide flux rates by recording the number of perforations 
in thin metal sheets of several thicknesses. These measurements automatically give 
the cumulative penetration flux, since particles larger than the threshold size also 
penetrated. The sensors on Lunar Orbiter were the same as the .001 inch (.0025 cm) 
be -cu pressure cans on Explorer 16. Tbe penetration rate of Explorer 16 was 2.0 
times that recorded by the Lunar Orbiter (44 penetrations on Explorer 16 and 22 
on Lunar Orbiter with almost the same effective exposure). This result was due 

to the increase in the meteor flux by the Earth's field and, to a lesser extent, 
the greater velocity of the near Earth satellites. Since this effect is velocity 
dependent, something can be inferred about the average speed from the experi- 
mental result. 

To analyze this problem, the meteor flux is taken to be effectively isotropic. The 
meteoroids are in hyperbolic orbits and the satellites were in elliptic orbits. The 
penetrated thickness is given by the empirical formula: 
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, 1/3 ... 

p = km (V cos A) 


The satellite penetrating flux is approximately of the form: 

log F = - 8log p + log F^ (1) 

The penetration rate of a satellite is given by Reference C-5 



Integrating over V using the bias free velocity distribution (the near-Earth curve) 
in Figure C-2 and averaging over the orbits of Lunar Orbiter and over Explorer 
16 and computing the ratio F^ /F| q the function of (3 8 shown in Figure C-4 
is obtained. The best value ofyff § is 0.64 (ft = 2/3 from impact data, 8 = 0.96 
from satellite data) which checks the experimental result exactly. However, the 
extreme range of possible values (0.43<j3 8 £ 0.96) gives good comparison. The 
dashed curves were computed using unique values for the velocity rather than a 
distribution in Equation 2. These curves illustrate the velocity dependence. It 
can be seen that the bias free velocity distribution obtained from the photographic 
range is confirmed by the comparison of Lunar Orbiter and Explorer 16 data. 

The satellite data is available in the form of Equation 1. From the integral of 
Equation 2 the parameter can be evaluated and hence the mass flux results 

in the form: 


log N - -1/3 8 log m + log Nj (3) 

The curve for the satellite range in Figure C-3 was obtained by using Equation 3 
over short intervals of mass. 

-6 

The mass range of importance in spacecraft design is from about 10 grams to 
one gram. The flux curve was established on the satellite and the photographic 
data; an interpolation was used between these ranges. Radar data appears to be 
improperly corrected, especially for low velocity meteors. Radar meteors appear 
to have velocities which are too high and flux rates which are too low. 
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Meteors of the photographic and radar range, because of their behavior in the 
atmosphere, appear to be fragile and of very low density, ranging from less 
than 0.25 gm/cc at one gram to around 0.8 gm/cc at 10"^ grams. They crumble 
and burn up in the 80 to 120 km altitude region. They are believed to be 
cometary debris; the association of some meteor streams with comets bears this out. 

Annual meteor streams do not appear to be a significant hazard to spacecraft 
(Reference C-6). Although some streams have very high visual rates, this is 
primarily because of the high luminosity of even the very small particles in those 
streams which have large velocities relative to Earth. 

EXPERIMENTAL SIMULATION 

The Boeing Company Meteoroid Protection Laboratory was developed for the 
primary purpose of generating data suitable for design of meteoroid protection 
systems. Little emphasis was placed on the study of the physics of hypervelocity 
impact as such. Within the physical limitations, meteoroid impact was simulated 
as closely as possible. 

As shown in the previous section, most meteoroids have velocities ranging up to 
20 km/sec, densities from 0.25 to 0.8 gm/cc, and very little strength. These 
conditions could not be simulated in the laboratory. Although speeds up to 
10 km/sec were occasionally reported, a practical upper limit for routine testing 
is about 8.5 km/sec. The minimum density projectile that can be routinely 
launched is polyethylene (sp.gr. = 0.95), although inlyte (sp.gr. = 0.7) has 
been launched with some success in other laboratories (Reference C-7). 

Most laboratories used spherical projectiles because they gave symmetrical and 
repeatable damage patterns. This was necessary for the study of hypervelocity 
impact phenomena. However, there is no reason to believe that meteoroids are 
spheres. Indeed, the current theory that they are cometary fragments would pre- 
clude this possibility except for those few which come close enough to the sun 
to be melted but not vaporized. Cylindrical projectiles with random attitudes 
at impact give random damage patterns, which should be more representative of 
meteoroid damage. Reference C-8 concluded that cylindrical projectiles caused 
greater damage than spherical projectiles, thus the use of the latter projectiles 
could yield non-conservative results. Since cylindrical polyethylene projectiles 
were easy to launch, these were selected by Boeing as the best projectiles to 
simulate meteoroid impact. 

A family of small light-gas guns, which were simple and economical to operate, 
were available. With polyethylene and Lexan projectiles, velocities up to 
9 km/sec were achieved. The 1/16 and 3/32-inch (.16 and .24cm) projectiles 
were launched with basically the same gun. It was powered by a .375 magnum 
case loaded with Bullseye powder. The guns were shock compression types using 
hydrogen gas. The most important factor in their economical operation was the 
disposable launch tube consisting of commercial tubing. 
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Velocity Dependence - Meteor speeds relative to a spacecraft have a wide range. 
From Figure C-2 it was seen that velocities up to 20 km/sec must be considered 
to include 90 percent of the meteoroid population. Since the test data effectively 
ends at 8.5 km/sec an extrapolation is required. In Reference C-9 a theoretical 
treatment based on blast loading of the second sheet was given. This resulted in 
a linear increase of the threshold thickness of the second wall with velocity. 
However, this approach did not determine the constant. This linear dependence 
is included in an empirical relation in Reference C-10, resulting in a very con- 
servative penetration threshold at approximately 20 km/sec. This is a consequence 
of the fact that in the test range, the blast loading contributes only a small part 
of the damage to the second sheet. A more realistic treatment is given in Ref- 
erence C-l 1 where experimental thresholds, using glass spheres, were determined 
with sufficient accuracy so that extrapolation was possible. Here the second wall 
thickness was found to vary with velocity as: 

h _ v °.278 

D 

This weak dependence on velocity was in keeping with Boeing test results. Since 
the Boeing data was valid up to about 8 km/sec, the following expression could 
be written: 


“jj ~ fj (-[J/ ir) f 2 ^ 4 < V < 8 km/sec 

IT = f l (lJ ' 1 t) f 2 (p) (f) V > 8 km/sec 

Density Dependence - Very little accurate work has been done on the density 
dependence of low density projectiles. This is because low density (sp. gr.< 1) 
materials have little strength and testing is difficult. Reference C-7 compared 
Inlyte (sp. gr. = 0.7) with aluminum projectiles (sp. gr. = 2.8). Several con- 
figurations were considered, and it was found that total thickness varied as 

(Tj + T 2 ) / D » p 0 - 6 

for very small mass and low density projectiles. This was a somewhat stronger 
dependence on density than would have been the case if damage depended only 
on the projectile mass; i.e., ft 1/3. The second sheet thickness was not given 
separately as a function of density. 
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However, in spite of the value of this work, there was insufficient supporting 
test data to include this density dependence in the penetration equation of this 
study. It did demonstrate, though, that a threshold dependence on projectile 
mass is conservative. Consequently, the penetration equation is: 


1/3 


h. = f (Ii l) (jl) 

D 1 V D ' D/ \0.95/ 

\ = f (!l i) (_£_) ,/J (l) 

D 1 \ D ' D/ \ 0 . 95 / \8 / 


4 < V < 8 km/sec 
0.278 


V > 8 km/sec 

since tes*- data was obtained with polyethylene (sp. gr, = 0,95) projectiles. 


DETERMINATION OF THE METEOROID ENVIRONMENT FOR EARTH TO MARS 
TRAJECTORY 


The meteoroid flux varies in the solar system as a function of distance from the 
sun. The reliability requirement for this study was stated for the total mission. 
Therefore, an average flux was used in the meteoroid protection analysis. This 
average was not very sensitive to the particular mission, but specifically the 
computation was based on a feasible 208-day trajectory starting on Earth on 
October 7, 1975. This trajectory was not necessarily a practical one, but 
served the purposes of computing the average meteoroid flux for the study. 

The desired trajectory was an ellipse satisfying the two end conditions. Earth 

distance from the sun would be very close to one A.U. on October 7. Mars 

distance from the sun on May 2, 1976 was computed. The equation for the mean 
anomaly was 


M - nt + £ - oi 

For epoch January 15, 1960, this was 

M = .524033 t - 76.5554 

for Mars' orbit. On May 2, 1976, M = 169.535°. 

Other data for Mars' orbit were: 

semi -major axis, a = 1.523691 

eccentricity, e = .0933 68 
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Mars distance was computed from 


r = a (1 - e cos E^) 

where E^ was the eccentric anomaly which was determined from Kepler's equation 


M = E. . - e sin E 
M M 

which was solved by iteration. The result was r = 1.664 A.U. on May 2, 1976. 

The trajectory, that is a and e, of the spacecraft was next computed. It was 
assumed that perihelion of this trajectory was at Earth; hence was 

1 = a (1 - e) 


At intercept 

1 . 664 = a(l - e cos E,. ) 

where E_ was the eccentric anomaly of the spacecraft trajectory at intercept. 
It was related to time by 


t = 208 = a^ ^ (E_ - e sin E_) days. 

/IT o b 

These three equations were solved for a, e, and E^ by iteration. Starting with 
E<. = 7 T , the solutions converged in four steps to: 

E $ = 2,389 rad (136.8°) 

a = 1.383 A.U. 

e = .275 

The orbits of Earth, Mars, and the spacecraft are shown in Figure C-5. A 
plot of the equations 


R = 1.383 (1 

- .275 cos E) 

A.U. 

(1) 

t = 94.5 (E 

- .275 sin E) 

Days 

(2) 


giving R as a function of t is shown in Figure C-6. 

The model of the cumulative meteoroid flux in interplanetary space was assumed 
to have the functional form 

N = f (m) f (R) (3) 
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where N was the total rate on a surface of unit area by meteoroids of mass m 
and larger at a distance R from the sun. This implied that the mass distribution 
was independent of the distance R. Hence, the near Earth flux model gave f(m). 
Strictly speaking, this was the flux relative to an object in a direct circular 
orbit such as Earth; however, the spacecraft's elliptic trajectory would produce 
only a very small deviation in the relative flux. This model also assumed that 
the flux was isotropic relative to the spacecraft. Meteoroids are primarily in 
direct orbits. However, most of the orbits are very eccentric and the relative 
flux is approximately isotropic. 

The total number of hits per unit area during the mission was 

Jf (m) f (R) dt 
hence the average rate was 

T 

< N > = f f(R) dt (4) 

T *'o 

Over the relatively small distance from Earth' to Mars the space dependence could 
be approximated as 

f (R) = R 

where R was in A.U. From Equation 1 

f (R) = [ 1.383 (1 - .275 cos E)J (5) 

and from Equation 2 

dt = 94.5 (1 - .,275 cos E) dE 
Substituting in Equation 4 

<N> = f (m) F (Y)/F(0) (6) 

where ^ 

F(Y) = f S (1 - .275 cos E) dE 

■ o 

and E. = 2.389 rad. For the purpose of computation, the integrand could be 
expanded in a series and integrated term by term as 

S 1 +Y 

(1 - .275 cos E) dE = 

2.389 - .1879 (Y+l) + .03574 (Y+1) Y- .002 (Y+1)(Y -1)Y 
+ .0001848 (Y+l) (Y -1) (Y-2) Y . 
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The quantify F(Y)/F(0) is plotted in Figure C-7. 

The average of the relative meteoroid velicify over the trajectory was next cal- 
culated, An approximation suitable for the purpose was that the relative meteoroid 
speed depended on distance from the sun as 

V = V ] R" 1//2 (7) 


This result was exact for a particular (fictitious) distribution of meteoroid orbital 
elements. The velocity relative to an object in a circular orbit varied as 

V = R _1//2 [3 - R/a - 2 V (1 - e 2 ) a/R cos i] 1/ 2 

If the distribution was such that the average semi-major axis "a" was proportional 
to the distance R at each point in space, then Equation 7 was exact. 


The average over the trajectory was defined as 


<V> 


/ NV df 
/ Ndt 


Ftom (3), (4) and (7) this became 

v /r y " 1//2 dt 

<V> = — 

/ R Y dt 


and by means of Equation (6) this was represented by 


<V> = V ] F(Y- l/2)/F(Y) 
which is plotted in Figure C-7. 

The curves of Figure C-7 were used to determine the sensitivity of the meteoroid 
protection requirement to variations in the model of the environment as described 
in Section 1.3.4 of the Volume I document. 

For instance, various published models of the environment corresponded to a range 
of y from -2 (Reference C-12) to an unrealistic extreme of +5 (Reference C-13). 
A nominal value of Y was selected, and the flux from the near-Earth model 
multiplied by F(Y )/F(0) to give the average flux over the trajectory (the nominal 
value of y was most likely between 0 and -2). This was used to determine the 
design meteoroid mass. The average velocity for penetration based on the near- 
Earth flux was multiplied by F( Y -l/2)/F(Y) to give the average velocity over 
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the trajectory. The amount of meteoroid protection required was computed from 
these values. Another value, Y =3 for instance, would then be used for a 
similar calculation. A comparison of the two results gave a measure of the sen- 
sitivity of the weight to the model used. 

DESIGN METEOROID SIZES 

Section 1.3.4 of the Volume I document described how the spherical diameter 
of the polyethylene design projectile was computed. The nominal values of the 
meteoroid environment and velocity dependence, ($ and Y , were used to derive 
design meteoroids for all study vehicles with varying payload heights. These 
values were /3 = 0.182, Y = -2, and the design probability of no failure was 
0.999, The resulting design meteoroid diameters are listed in Table C-l . 

METEOROID PROTECTION MATERIALS 


The meteoroid protection design curves presented in this Appendix were developed 
from a wide range of materials. The weights and description of materials are 
listed in Table C-2. 

DESIGN CURVES 


Figures C-8 through C-12 present meteoroid protection design curves for the 
various MU materials of the program. The 3 O curve and the arithmetic mean 
curves are shown as well as the Individual data points. The experimental results 
were developed in terms of an equivalent thickness of aluminum protection sys- 
tem (T-|) necessary to protect a certain aluminum tank wall thickness (T 2 ). Both 
thicknesses (T^ and T 2 ) were normalized to meteoroid diameter (D) so the data 
could be used to evaluate protection systems for various vehicles and probabili- 
ties of mission success. The normalized penetration depth is also shown on the 
ordinate . 

The aluminized mylar/nylon net curve. Figure C-8, had a very steep slope, 
indicating a substantial increase in protection efficiency with a slight increase 
in thickness. Figure C-12 shows the arithmetic mean curve for multiple discrete 
shields of 1/2 mil aluminized mylar with 1/4 inch (0.64 cm) spacing. This 
concept was very weight efficient; however, it would be difficult to maintain 
the spacing in a vehicle installation. 

Figures C-13, C-14 and C-15 are the curves for single sheet materials. The 
characteristic decrease in protection efficiency as aluminum sheet thickness was 
increased is evident in Figure C-14. Figures C-16 and C-17 represent fiber- 
glass honeycomb sandwich with different thickness face skins. Figure C-18 is 
for aluminum honeycomb sandwich. Fiberglass honeycomb sandwich provided 
considerably more protection than an equivalent weight of aluminum honeycomb 
sandwich. Fiberglass sandwich approximately 1/7 the weight of the aluminum 
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sandwich shown in the curve provided equal protection. Continuous shell con- 
cepts were not tested in more detail because of prohibitive structural weight. 

Figures C-19 through C-22 present the test data for combinations of Beta fiber 
cloth in front of MU. The curves show a reduction in protection system 
efficiency with initial additions of MU, moving from left to right on the curves. 
As more MU was added there was a corresponding increase in efficiency. There 
was no apparent explanation for this. Figures C-23 through C-31 present data 
for combinations of aluminum skin in front of MU, and Figures C-32 through 
C-42 for fiberglass laminate skin in front of MU. 

Figures C-43 through C-48 show the data for combined honeycomb sandwich and 
MU. The honeycomb sandwich was in front of the MU and was impacted first. 
Fiberglass honeycomb shows greater efficiency in combination with MU than 
aluminum honeycomb. 

Figure C-49 shows data for one thickness of carbon composite bidirectional 
laminate . 

Figures C-50 and C —5 1 show data for MU in front of an aluminum skin. This 
configuration was representative of vehicles with MU on the outside of the 
structural shell. Figure C-52 is for vehicles with MU on the outside of a fiber- 
glass laminate structural shell. 

Figures C-53 and C-54 show data for MU in front of aluminum and fiberglass 
honeycomb sandwich. The results were about the same as for MU located be- 
hind the honeycomb sandwich shell. 

Figures C-55 through C-57 represent a combination of metallic bumpers in front 
of MU, located on the outside of an aluminum vehicle shell. The curves show 
the trend towards less efficiency as an aluminum bumper is added, except for 
Figure C-57. In this case, the downward turn of the curve could have been 
due to an increased effectiveness of MU. Figures C-58 through C-60 show 
similar data for fiberglass laminate structural shells. In this configuration, im- 
proved efficiency was experienced because spallation consisted of low mass 
particles. 

Figures C-61 through C-66 represent vehicles constructed with honeycomb sandwich 
shells and incorporating a metallic bumper and MU on the outside. Observations 
made previously for fiberglass and aluminum honeycomb sandwich are also applic- 
able for these configurations. 

Figures C-67 through C-78 present final design curves for material combinations 
where the thickness of MLI and bumper material were varied. The curves identi- 
fied as To /D or Tpq/D represent constant Beta fiber cloth or fiberglass laminate 
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thickness with varying amounts of MLI. The interpolation formula used to derive 
these curves was described in Section 2.1.2 of the Volume I document. The 
curves were constructed with 3 a values. 

Figures C-79 through C-81 are the final design curves for MU and bumper com- 
binations located in front of fiberglass laminate structural shells. The curves 
labeled Tr/D represent a fixed laminate skin thickness with varying thickness of 
MLI. 

Figure C-82 is the design curve for MLI located outside of an aluminum structural 
she 1 1 . 
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FIGURE C-ls CUMULATIVE DISTRIBUTION OF METEORS 
AS A FUNCTION OF MAGNITUDE 




FIGURE C-2: METEOROID VELOCITY DISTRIBUTIONS 
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FIGURE C-3: METEOROID ENVIRONMENT NEAR EARTH, BUT IN THE 
ABSENCE OF EARTH'S GRAVITATIONAL FIELD 
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FIGURE C-7 DEPENDENCE OF THE AVERAGE FLUX ON THE 
METEOROID ENVIRONMENT PARAMETER, Y 
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FIGURE C-8: METEOROID PROTECTION 
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FIGURE C-9: METEOROID PROTECTION 
DESIGN DATA - MLI 
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FIGURE C— 16: METEOROID PROTECTION FIGURE C-17: METEOROID PROTECTION 
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FIGURE C-18: METEOROID PROTECTION FIGURE C- 19: METEOROID PROTECTION 
DESIGN DATA-SANDWICH DESIGN DATA-SINGLE 

SHEET AND MU 
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FIGURE C-21: METEOROID PROTECTION DESIGN 

DATA - SINGLE SHEET AND MU 







FIGURE C-22: METEOROID PROTECTION DESIGN 

DATA - SINGLE SHE'ET AND MLI 
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FIGURE C-23: METEOROID PROTECTION DESIGN 

DATA - SINGLE SHEET AND MLI 
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FIGURE C-27: METEOROID PROTECTION DESIGN 

DATA - SINGLE SHEET AND MLI 
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FIGURE C-28: METEOROID PROTECTION DESIGN 

DATA - SINGLE SHEET AND MU 



FIGURE C-29: METEOROID PROTECTION DESIGN 

DATA - SINGLE SHEET AND MU 
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FIGURE C-30: 


METEOROID PROTECTION DESIGN FIGURE C-31: METEOROID PROTECTION 
DATA - SINGLE SHEET AND MLI DESIGN DATA - SINGLE SHEET AND MLI 




FIGURE C-32: METEOROID PROTECTION FIGURE C-33: METEOROID PROTECTION 

DESIGN DATA - SINGLE SHEET AND MLI DESIGN DATA - SINGLE SHEET AND MLI 
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FIGURE C-34: METEOROID PROTECTION FIGURE C-35: METEOROID PROTECTION 

DESIGN DATA - SINGLE SHEET AND MLI DESIGN DATA - SINGLE SHEET AND MLI 
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FIGURE C-36: METEOROID PROTECTION FIGURE C-37: METEOROID PROTECTION 

DESIGN DATA - SINGLE SHEET AND MLI DESIGN DATA - SINGLE SHEET AND MLI 
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FIGURE C-40: METEOROID PROTECTION DESIGN 
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FIGURE C-41: METEOROID PROTECTION DESIGN 
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FIGURE C-42: METEOROID PROTEC- FIGURE C-43: METEOROID PROTEC 
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FIGURE C-45: METEOROID PROTEC 
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FIGURE C-47: METEOROID PROTECTION 
DESIGN DATA-SANDWICH 
AND MU 



FIGURE C-48: METEOROID PROTECTION FIGURE C-49: METEOROID PROTECTION 
DESIGN DATA-SANDWICH DESIGN DATA-SANDWICH 

AND MU SINGLE SHEET AND MU 
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FIGURE C-50: METEOROID PROTECTION FIGURE C-51: METEOROID PROTECTION 

DESIGN DATA - MLI AND SINGLE SHEET DESIGN DATA - MLI AND SINGLE SHEET 



FIGURE C-52: METEOROID PROTECTION FIGURE C-53: METEOROID PROTECTION 
DESIGN DATA - MLI AND SINGLE SHEET DESIGN DATA - MLI AND SANDWICH 
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FIGURE C-54: METEOROID PROTECTION FIGURE C-55: METEOROID PROTECTION 
DESIGN DATA-MLI AND DESIGN DAT A-S INGLE 
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FIGURE C-56: METEOROID PROTECTION 
DESIGN DATA-SINGLE 
SHEETS AND MU 
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FIGURE C-57: METEOROID PROTECTION 
DESIGN DATA-SINGLE 
SHEETS AND MU 
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FIGURE C-58: 
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HGURE C-61: METEOROID PROTECTION 

DESIGN DATA - SINGLE SHEET, 
MU AND SANDWICH 
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FIGURE C-62: METEOROID PROTECTION 

DESIGN DATA - SINGLE SHEET, 
MU AND SANDWICH 



Tl 


FIGURE C-63: METEOROID PROTECTION 

DESIGN DATA - SINGLE SHEET, 
MLI AND SANDWICH 



FIGURE C-64: METEOROID PROTECTION FIGURE C-65: METEOROID PROTECTION FIGURE C-66: METEOROID PROTECTION 
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FIGURE C-67: METEOROID PROTECTION DESIGN 
DATA - MATERIAL COMBINATIONS 


FIGURE C-68: METEOROID PROTECTION DESIGN 
DATA - MATERIAL COMBINATIONS 
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FIGURE C-70: METEOROID PROTECTION DESIGN DATA - MATERIAL COMBINATIONS 
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FIGURE C-71: METEOROID PROTECTION DESIGN DATA - MATERIAL COMBINATIONS 
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FIGURE C-72: METEOROID PROTECTION DESIGN DATA - MATERIAL COMBINATIONS 
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FIGURE C- 75: METEOROID PROTECTION DESIGN DATA - MATERIAL COMBINATIONS 
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FIGURE C-76: METEOROID PROTECTION DESIGN DATA - MATERIAL COMBINATIONS 
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FIGURE C-78: METEOROID PROTECTION DESIGN DATA - MATERIAL COMBINATIONS 
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FIGURE C-79: METEOROID PROTECTION DESIGN DATA - MATERIAL COMBINATIONS 
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FIGURE C-80: METEOROID PROTECTION DESIGN DATA - MATERIAL COMBINATIONS 
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FIGURE C— 8 1 : METEOROID PROTECTION DESIGN DATA - MATERIAL COMBINATIONS 



FIGURE C-82: METEOROID PROTECTION DESIGN DATA - MATERIAL COMBINATIONS 
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TABLE C-1 

DESIGN METEOROID SIZES 


VEHICLE 

PAYLOAD 

HEIGHT 

METEOROID 

DIA 

in 

cm 

in 

cm 

1-14 

4 

10 

.0644 

.1636 

14 

36 

wcz*m 

.1646 

35 

89 

wr-yy 


1-2B 

4 

10 

.0615 

.1562 

24 

61 

.0626 

.1590 

w$m 

152 

.0638 

.1621 

1 -2A 

4 

10 

.0626 

.1590 

24 

61 

.0637 

.1618 

60 

152 


Hzza 

1-3 

4 

10 

.0588 

.1494 

24 

61 

'mwrm 

.1529 

60 

152 

Kim 

.1572 

1-7 

4 

10 

.0610 

.1549 

24 

61 

.0612 

.1554 

35 

89 

.0616 

.1565 


VEHICLE 

PAYLOAD 

HEIGHT 

METEOROID 

DIA 


in 

cm 

in 

cm 


4 

10 

.0605 

.1537 

2-14 

13 

33 

.0609 

.1547 


32 

81 

« 3 « 

.1562 


4 

10 

.0538 

.1367 

2-3 

20 

■SI 

.0541 

.1374 


50 

MBA 

.0548 

mmm 


4 

10 

.0539 

.1369 

2-18 

12 

30 

.0543 

.1379 


32 

81 

.0555 

warn 


4 

10 

.0577 

.1466 

2-2 

9 

23 

.0586 

.1488 


48 

122 

.0598 

.1519 


4 

10 

.0539 

.1369 

2-19 

13 

33 

.0544 

.1382 


43 

109 

.0559 

.1420 
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TABLE C-2: METEOROID PROTECTIOiN MATERIALS 


MATERIAL 

WEIGHT 

SOURCE 

DESCRIPTION 

A 

WBUBM 

KSSEHI 

Nylon net 

3.186 x 10" 4 

1.400 x 10" 2 

Sears Catalog 
#36 PI 000 

Bridal Veil - 0.41 oz/yd* 
0.007 inch (.178 mm; 
Nominal Thickness 

15 gage double 
aluminized mylar 

1.320 x 10" 4 

5.800 x 10 -3 

National Metallizing 
Spec . 1 003 

48" (1.219 m) roll stock 

Sliced foam 

4.802 x 10" 4 

2.110 x 10” 2 

Industrial Rubber and 
Supply Co. 

1/32 inch (J59 cm) 
polyester foam 

48" Roll Stock 

Silk net 

6.860 x 10“ 5 

3.014 x 10" 3 

Boeing Stores 


NRC-2 

2.253 x 10" 4 

9.900 x 10" 3 

Boeing Stores 

25 gage crinkled 48" 

aluminized mylar Wl ® ro 

50 gage 

aluminized mylar 

4.415 x 10 -4 

1.940 x 10" 2 

Boeing Stores 

48" (1.219 m) roll stock 

Beta fiber cloth 

4.916 x 10" 3 

2.160 x 10" 1 

J. P. Stevens 

Style 15035 fabric, 6.3 
oz/yd 2 10 yd sample 

Fiberglau/epoxy 

laminate 

2.464 x 10 -2 

1.083 

Boeing 

Stores 

Fiberglass cloth layup 

Aluminum 

1.607 x 10 -3 

7.061 x 10‘ 2 



0.001 inch (.0254 mm) 
thick sheet 

Aluminum 

Honeycomb 

2.060 x 10" 2 

9.052 x 10' 1 



Hexcell - 3/16" 
(.476 cm) cell sire 

Fiberglass 

Honeycomb 

3.640 x 10‘ 2 

1.599 

Boeing 

Stores 

Hexcell - 3/16" 
(.476 cm) cell size 

One layer ziylon 
net + one layer 
15 gage Aim. 

4.506 x 10 -4 

1 .980 x 10" 2 

! 


2 layers silk net 
+ one layer 15 
gage Aim. 

2.700 x 10 _4 

1 .186 x 10" 2 



One layer sliced 
foam + one 
layer 15 gage Aim. 

6.122 x 10" 4 

2.690 x 10' 2 


























































APPENDIX D 


VEHICLE PRELIMINARY DESIGNS 

Section 1.2.3 of Volume I, "Final Report" NASA CR— 1 211 03, summarized the 
weight data for ten vehicle preliminary designs. This appendix presents the 
design drawings, discusses some of the main features and includes a detailed 
weight statement for each vehicle configuration. 

LH 2 -LF 2 Propellants 


Vehicle 1-14 - Figure D-l shows the vehicle structural arrangement and fluid 

line details. A median height payload position was selected for design. A 
possible design improvement was the elimination of upper ring and payload sup- 
ports. The payload supports would then originate at the mid-body ring and would 
be constructed of fiberglass. This feature was incorporated in the final designs 
discussed in Section 1.3.1 of Volume I. The ring weight saved by this change 
would be offset to some extent by the addition of a MLI support ring between 
the payload and the LF 2 tank. It was estimated that the net effect was a weight 
reduction of 7 lbs (3.2 kg). 

Figure D-2 shows insulating details. Internal MLI was selected and the meteoroid 
protection was provided by the MLI. The top deck, compartment separation and 
bottom blankets were supported by X-850 film laminate. A fiberglass laminate 
ring was added at the mid-body point to support the compartment separation 
blanket. This ring was totally enclosed within the MLI blanket, thus there were 
no bracket penetrations through the multilayer. The ring rested on a pair of 
fluid line support beams which spanned the vehicle at the mid-body location. 

The innermost radiation shields were joined at this location, shown in Detail I, 
to provide thermal continuity around the corner and to act as a purge seal. 

A 90° corner and blanket overlap was provided at the intersection of top deck 
and sidewall MLI. It was necessary to add strips of fiberglass laminate to the 
upper ring to produce this type of joint. 

Vehicle 1 -2A - The structural arrangement is shown in Figure D-3. It was 

necessary to provide secondary structure in the form of an insulation support 
framework over and under the LH 2 tank. The vehicle body was only 17 in. 

(0.43 m) high, with a 52 in. (1.32 m) centaur adaptor below and a 58 in. 

(1.48 m) payload support bay above. A six-truss member structure supported the 
engine and some of the tank load. The LF 2 tanks were manifolded together for 
engine feed and venting functions. 

Figure D-4 shows the insulation design. The conical surface above the LH 2 tank 
was insulated with six large panels and six filler panels. The smaller panels were 
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necessary due to material width limitations and the arrangement of MU support 
members. A more efficient design could be possible by splicing aluminized mylar 
roll stock to greater widths and by relocating some MU support structure; how- 
ever, a minimum of six panels still appeared necessary. 

This insulation design located the MU on the outside of the vehicle structure, 
therefore, it is necessary to provide penetrations for the payload supports and 
for the adaptor. Hand-fitting at these penetrations would be necessary to pro- 
duce a thermally efficient joint. Access to the LH 2 tank would necessitate 
removal of several panels with the attendant problems of replacement to produce 
a thermally efficient joint. 

Vehicle 1 -2B - The structural arrangement of this vehicle eliminated the internal 

truss construction of its counterpart. Vehicle 1-2A. Instead, the tanks were sus- 
pended from the main body rings, and engine loads were applied through a conical 
framework. It was necessary, however, to provide secondary structural support for 
the MU blanket separating the two propellants. Figure D-5 shows these details. 

As in the case of the previous vehicle, there was a considerable amount of un- 
used volume between the tanks. 

Figure D-6 shows insulation details. External MU was used and meteoroid pro- 
tection was provided by the addition of MLI with non-aluminized radiation 
shields. That portion of the blanket using clear mylar films was used as a struc- 
tural support for the remainder of the MLI. The compartment separation blanket 
utilized X-850 film laminate for support. This blanket would be applied in two 
pieces. The top deck blanket was also supported by X-850 film and would be 
applied as one piece. It would be necessary to splice the mylar to produce 
this panel. 

Vehicle 1-3 - Figure D-7 shows the structural arrangement. The vehicle was 
divided into four bays by trusses. The tanks were supported partially on the 
trusses and partially on the external ring. A manifold system connected pairs 
of oxidizer and fuel tanks. The manifold system was located above the tanks 
for simplicity, however, this necessitated some additional MU support structure. 

Figure D-8 shows the insulating details for this vehicle. External MU was 
chosen and non-aluminized mylar was used in the MLI added for meteor oid pro- 
tection. The top deck blanket thicknesses were different for the fuel and oxi- 
dizer compartments, therefore, foam block shims were used along abutting edges 
to maintain panel alignment. A fiberglass laminate support structure was devised 
to elevate the MU above the plumbing lines. The sidewall blankets were all 
the same thickness for meteoroid protection, however, the number of radiation 
shields varied between oxidizer and fuel compartments. This necessitated four 
panels to insulate the sidewall. Compartment separation blankets within the 
vehicle were located inside the LH 2 tank enclosure. The intersection of these 
blankets at the center, and the joints with top and bottom panels, would present 
severe insulating problems. 
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Vehicle 1-7 - The structure of this vehicle is arranged in a square configura- 

tion, with four corner posts supporting tank and engine loads. Fiberglass tubular 
struts were selected for the design because the structural trades indicated this was 
the least weight approach. The two LH 2 tanks were suspended externally by a 
system of fiberglass struts and tension straps. Figure D-9 shows the structural 
arrangement. 

Figure D-10 shows the insulation details for this vehicle. It was necessary to 
add fiberglass laminate structure to support the MLI blankets around the perimeter 
of the LH 2 tanks. It appeared that this configuration could be efficiently in- 
sulated with tank mounted MLI, at least for the LH 2 tanks. Producing thermally 
efficient MLI joints at sidewall, top deck and the intersection of compartment 
separation blankets would be very difficult. 

FLOX-CH 4 PROPELLANTS 


Vehicle 2-19 - The structure is shown in Figure D— 1 1 . This configuration was 

unique in that tank mounted insulation appeared to be more adaptable to all the 
surfaces except possibly the upper deck. Primary boost loads would be carried 
through the cylindrical portion of the tank which necessitated a tank gage in- 
crease and the integral stiffening ribs shown on the drawing. There were obvious 
pressure vessel weight penalties associated with this approach, however, such 
items as structural members, MLI supports, tank support and engine thrust structure 
were minimized, thus offsetting the tank weight increases. The structure was 
relatively simple, consisting of a tank shell extension (skirt), payload supports 
and an adaptor. A design review revealed that the skirt shown on the drawing 
was 5 in. (12.7 cm) longer than necessary. Shortening the skirt and lengthening 
the payload support struts resulted in a weight reduction of 4 lbs (1.82 kg). The 
weights of Table D-l do not reflect this reduction. The reduction was included 
in the weight summary, Figure 1.2-42, of the Volume I report. 

Figure D-l 2 shows insulation details. External MLI was selected. The MLI 
blanket on the sidewall and cone consisted partly of aluminized shields for thermal 
protection and non-aluminized shields for meteoroid protection. The non-alumin- 
ized shield portion of the blanket was used to support the thermal protection 
portions and incorporated a zipper joint to aid installation and obtain a close 
fitting joint. 

The top deck blanket was supported by an aluminized laminate film, Schjedahl 
X-850. The film was reinforced around the perimeter with fiberglass laminate 
and riveted to an insulation mounting ring. The MLI blanket was attached to 
the laminate with nylon retainers. A 90° corner was incorporated in the top 
deck blanket. This comer was formed during construction by cutting and taping 
the edges of shields and spacers. The insulation extension along the sidewall 
was held in place with hollow nylon studs and the edges restrained by sewing 
several net spacers to the sidewall blanket. Aluminized mylar roll stock was 
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not wide enough to make a complete radiation shield. It would be necessary to 
splice this material for the top deck of all vehicles. The splice would be made 
by overlapping and taping sheets of aluminized mylar. The overlapped joints 
would be staggered to avoid excessive thickness. 

Payload support members penetrated the top deck blanket and were wrapped with 
MU. The external plumbing lines and those within the insulation enclosure were 
also wrapped with MU, 

Venting of the purge gas used during prelaunch operations would be accomplished 
along the edges of the blankets. The mylar films (but not the radiation shields) 
would be perforated in the zipper area to aid in evacuation. 

Vehicle 2-18 - Figure D-13 shows the structural arrangement for this vehicle. 

Payload supports and the adaptor attached to a common ring. The tanks, as 

well as the engine thrust structure, were also connected to the same ring. 

Figure D-14 shows insulation details. Internal MU was used. A fiberglass 
mounting ring was added to support the top deck and sidewall blankets. X-850 

film was used to support the top deck blanket and a group of mylar films and 

net spacers were used for sidewall blanket suspension. The sidewall blanket was 
separated at the top so that the top deck blanket could be overlapped outside 
of the radiation shields and spacers. The sidewall meteoroid protection (mylar 
films and net spacers) was on the outside so a zipper could be used for closing 
the longitudinal joint. The MU on the inside, above the separation point, was 
held in place with hollow nylon studs and washers. 

The conical base MLI blanket was envisioned as two pieces, with appropriate 
cuts and taped joints in the aluminized mylar to produce the correct shape. The 
net spacers could be cut and sewn, or formed to the desired contour. The mylar 
films and spacers which were added for meteoroid protection were also used here 
to support the blanket. Structural members were external to the MU blanket, 
therefore, they were uninsulated. This simplified fabrication as compared to 
Vehicles 2-2 and 2-3. 

Vehicle 2-14 - Figure D-15 shows the structural arrangement. The vehicle is 

divided into two bays with rings enclosing each bay. Further structural weight 
reductions appeared possible by omission of the uppermost ring, changing the 
upper bay truss members to fiberglass and connecting them directly to the pay- 
load. It was not expected that these changes would improve the ranking of this 
vehicle significantly, based on similar changes to Vehicle 1-14. 

Figure D-16 shows insulation blanket and mounting details. The multilayer was 
located inside the structure and the entire blanket incorporated aluminized 
shields. The top deck blanket was suspended from an X-850 film and was held 
in place at the comers with velcro tape. The sidewall blanket was suspended 
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at the top from hollow nylon studs. A blanket joint was necessary at the mid- 
body ring because of aluminized mylar roll stock width limitations. Velcro tape 
was used for suspending the lower sidewall blanket and restraining the bottom 
of both upper and lower sidewall blankets. A lacing joint was used on the side- 
wall. The outer and inner net layers were reinforced with X-850 in this area to 
support the nylon retainers. 

The bottom insulation panel employed X-850 film for support since it was nearly 
perpendicular to the direction of maximum acceleration forces. Velcro patches 
attached the panel to the engine thrust members. 

Vehicle 2-3 - The body structure of this vehicle (Figure D-17) consisted of 

two rings separated by aluminum truss members. A crossed truss arrangement 
supported the tanks and engine thrust loads. 

Figure D-18 shows the insulation arrangement. External MU was used which 
made it necessary to insulate ail of the structural members. This task was com- 
plicated because of the numerous joints, and because external portions of the 
members had to be left exposed to permit attachment of sidewall and bottom 
blankets to velcro patches. Sidewall and top blankets were both suspended from 
the upper vehicle ring, thus additional MU support structure was unnecessary in 
this area. A fiberglass ring was added in the engine recess to hold the blanket 
clear of the engine. The engine recess MU joints would require considerable 
hand work to obtain thermally efficient joints. 

Vehicle 2-2 - A six beam structural arrangement was employed to support tank 

and engine thrust loads of this vehicle. An insulation cage covered the FLOX 
tank and also supported the fluid lines. The details are shown in Figure D-19, 
The payload height of this vehicle was found to be excessive and a reduction 
of 27.1 lbs (12.3 kg) was possible with shorter payload support members. This 
change was incorporated in the weight summary. Figure 1.2-42 of Volume |, 
but not in Table D-l of this appendix. 

Figure D-20 shows MU and meteoroid protection details. External MU was 
used, therefore the difficulties of insulating structural members described for 
Vehicle 2-3 were encountered for this vehicle also. The top deck blanket was 
penetrated diagonally by the twelve payload support members. This resulted in 
a large cut, which would need to be prepared carefully to avoid heat shorts. 

The conical blankets were supported by X-850 film and were assembled in six 
units. A scarf joint, attached by velcro tape, was employed at the longitudinal 
edges of these panels. The scarf joint was held together on the outside by sew- 
ing adjacent panels. Sidewall, bottom and engine recess panels were supported 
by the non-aluminized mylar films and net spacers added for meteoroid protection. 
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Weight Statement 


The weight data for the ten vehicle preliminary designs is summarized in Table 
D-l. The weights breakdown is confined to major systems in this table. Tables 
D-2, D-3, D-4 and D-5 show secondary structure and MLI weights. The latter 
item consists of additions to the basic MU panel weights derived by the TATE 
program discussed in Appendix A. Tables D -6 through D- 8 , and D-9 through 
D-ll show FLOX-CH 4 and LH 2 “LF 2 vehicle plumbing weights. 
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507. U&RTCNINS 
-OLE OUT 


SCHUELOA.HL 
*-850 FILM 

contiguous wnw 

BLAJUKET 


VELCRO lOO'W 1 CONTINUOUS 
BOND TO FLP.N6E- SEVI TO 
NET SPACER. 


EIBERGLA5S LNMINATE 
^NGA-E OGO > I 50 « ( 50 
ATTACHES TO UPPER 8 LOWER 
STRUCTURAL RINGS FL4NGES 
LINE UP WITH LOWER ANGLE S_ 
UPPER RAMP LAMINATE FLANGES 



FLANGE LINES UP WITH 
SIDEWALL ANGLE 


-FIBERGLASS LAMINAT E 
OGO .lOOW.DE » I2S 
ffi 10 00 SPACING (5 PLACES) 
NECHANICALLT FASTENED TO 
CHORD 


COMPARTMENT SEPARATION BLANKET 


- blanket f\lms 4 spacers sewn 
TOGETHER WITH VELCRO 
tTTPICAL BOTH BLANKETS) 


SECTION C-C 

tTTPlCAV 4 PLACES) 

(SCALE l/\) 



„-7 SPACERS 
^(NNLON NET) 
G SHIELDS 
(ALUM MNLAR) 


— SIDE IN ALL BLANKET 
LH 2 COMPARTMENT 

IS SPACERS (NT LON NET) 
IS IMVLAR FILMS 


CONTINUOUS VELCRO SOWN 
TO BLANKET EDGES 
BOND TO ANGLE 


INNER INET SPACERS LOOPED 

around Blanket & sew together 

WITH OUTER NET 


- 5 SPACERS (NT LON NET) 
A SHIELDS (ALUM MVLAR) 


SIDE VIEW 

(scale i/io) 


see sweei \ for STRuoTuRe 


SIDEWALL BLANKET 
LF z COMPARTMENT 


SECTION B-B 

(TOPICAL 4 PLACES) 

(scale i/i) 


• 17 SPACERS (NTLON NET) 
17 IMVLAR FILMS 


VEHICUE 1-3 


Figure D-8: 
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I 





- lh 2 tank 

28 OO 014 

t,* oas 
(a places) 


-TENSION STRAP \ TOP $. MlO-POlNT 
.SO WIDE* 020 1] OF T^NK 
(a PLKCC5) V 

LH* FC^O MANIFOLD 

3 25 OlA * .043 WALL 

\M Z T4HK STRUT 


/ \ 


LH 2 TANK STRUT 

» OO OIK * 0\S WALL 1 
(4 PLACE'S) 

LW e TANK STRUT—— 
I OODIA* 015 WALL 
(4 PURGES) 

POST (i_ONMEU) 

2 74*274* 042 WALL 

POST CUPPER) v 

ZG& * 2 2.6* .0G>0 WALL 

(4- placf^ 

\-Wt TWK TENSION STOP — v 


FITTING (JTP) - 
22*9-74 AL 


14 \4 1 

LF a UEAO I 

(JMP) I 


-RING 

2 OO * 2 OO * 043 WALL 
2213-74 AL 



STRUT 

2 58DIA * .054WALL 
0 PLACES) 


49 OO 

' ■; [square^ 


lu 2 meht une support - 
250014.* 022 WALE 
2213-T4 AL 


LW 2 VENT UNE ' 

V. FILL UNE 

2 00014* 055 WALL 


iMt FILL UNE BELLOWS 


LFj VENT UNE SUPFORT- 


LW 2 FLU UNE VALVE- 


LH 2 NAN\FOlO support- 



-Ol AGONAL 
2 OO 014* 035 WALL 


LF 2 VENT UNE BELLOWS 

-\_f£vent une 

2 00 014* 035 WALL 
LF 2 VENT VALVE 

N VENT VALVE BRACKET 

190 CRES 


DIAGONAL BR4CE CTOP BAfr 
280014- 03QWALL 

PLAGES) 

\S? VENT LINE 

BRACKET \2SCPES* 

CROSS BRACE 

2.08014* OZAWAU. y 

(4 PLACES) // 


TOP VIEW 


LF? PRESSURIZATION 

UNE 50014 * 020 WALL 

CROSS BRACE 

2 V2D1A- 024 'NALL 

(4PV>CES$ 


UEUUM STORAGC- 
T4NK 



DIAGONAL BRACE 

a aao\4» osowall 

PLACES) 


lf 2 vcmt Ut^E 

a OO 014 4 .035 WALL 


/ / z CROSS BRACE 

/ 2 3GOV4 * 030WML 

(.4 PLACES) 

-LF 2 tank strut 
1.80 014 * 023 WALL 
(4 PLACES) 


SIDE VIEW 


-ttW50NM_aaivjCE 
3.V2 OVfr. * .040 VNOU. 

(4PU4CTSJ 


LW a PReSSURITATVON 5. 

UME (GUj) | 
.500vft.».020'N«*U-CVTB 


-VENT UNE BEV.UJVNS 
ft. piacesj 


mm 


I / » / \ I \ \ X 


ISOMCTRVC-CeNTCR UNE DIAGRAM 

(NO SCALE) 


- CENTfrAJR/fr.OfrPTOR 
INTER FACE 


- fr.Ofr.PTOR, TRUSS 
IHGBOIfr.* OZ BW4\.I. 

(24 PV.fr.CES) CR«BON/EPOXV 

LHj MfrNVFOUJ SUPPORT 

375 OVA* OZfl NAU- 
tTTP) Z2V3 T4 AV_ 

-THRUST TUBES (1.07JCR) 
l£.2DUV» OSS'NNJL 
ZZIS-T 4 AV_ (4 PVfrCCS) 

' V.OWER CROSS BRACE 

2 3GDVA* 03OVNAU- 

(ftPVACE^ 

LHj GIMBAU BEVJLOWS 

LF ? FILL UNE BRACKET 

\ .130 C«ES ft. 

\V -LF t GIMBAL BELLOUOS 

\V- LH Z FEEOUNE 

s\ \ 2 VO OVA* 035VNAU. 

\\' S THRUST RING (SQ) 

\\ 150*250* VOO SW ALL 

A \\ 2210 -T4. AL 

\\ XN UF t FEED \JALUE 

\V ' LFjFETOUNE 

* NX I GO OVA . 035 'NALL 

\ V ua 2 V^ANVFOLO BELVjO'NS 

X ft PLACES) 

N ' thrust tubes typPER) 

V GZ OVA* 035 'NALL 
2ZVB-T4 AL. 

(4 PLACES) 


NOTE’S: 

L FVLL,FEEO,VET<T ft ETC UNES ARE CRES. 

2 TANK SUPPORT STRUTS ft 5TRA.PS ABE FTBETOlASS 
i. TANKS ARE 22V9-TGE44. Av. 

4. STRUCTURE VS FIBERGLASS EXCEPT AS NOTED 
5 ALUMVNV2CO MTLAR. VS V5 NttU THVCVC 

G NVLONNET, SEARS ROEBUCK Co , 37 0Z/9q,V0 , 007 AM& THVCKNESS 


Rgure D-9: 
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LHjTANK TENSVON STRAP 




OUTER VELCRO 

.wew nev. 


- X. 850 



BOTTOM BLANKET 
LF ? OOAA P 


x- e>50 - 


X-SBO 


COM PART MC NT 

SEPARATION 

atWKCT 


- LOOP INNER NET SPACER. 
KTOUNQ Bl(iNV<El ENO 0. 
SEW TO OU1IR MET 
(TYPICAL) 


BOTTOM BLANKET 

v_H e COMP 


SECTION D-D 

(sca_c v/v) 



— TOP BLANKET 
“ COMAP 


TOP CROSS BRACE 


FIBERGLASS STANDOFF 
og,o thick, a - v so woe 
FLANGES 

MECHANVCAL FASTENED 

to woo? a RMU 



SPLIT INSULATION TO 
FIT AROUND HOOP 
STANDOFF 
TAPE 


SUPPORT RWl 


SVOF.V0fx.CV_ VMRM.P GROUND 
BLANKET \_R? COMP 
(a PLACESj' 


TAPER. ENO 
av stp^gepvmg 
SHIELDS t SPACERS, 


V OO WIDE VELCRO A\_L 
ALONG To BE BONO Z VO 
'N PLACE SEW TO X- 850 
£U_M EDGE 

(typical) 


TOP BLANKET 
LH 2. COMP 


v oo Ova aujka 
MYLAR. PATCV 
BONO OYER 

retainers 


SCARF SPACERS 1 
SHIELDS LOOP INNER 
NET AROUND SCARF 
% SEW TO OUTER MET 
(JTPICAL) (TOP 4- 30TTOMJ 


2 00 WIDE VELCRO 

CONTINUOUS AROUND 
UOOP SEW TO TOP 
X 8SO i BONO TO 
UOOP 


TOP BLANKET LHg, COMPARTMENT 
SPACERS (NYLON net; 

SHVELOS Cw-VJM mylar) 

places) 


BSO FILM 


vooo v 

(APPROX) 


-Q 


S\ DEW ALL 


BONO X 850 
FVUsA ALOVN& 
JOINT 



X BSO FVLM 
CONTIGUOUS TO 
SIDEWALL 
BOND ~0 NET 
a OO ALONG JOINT 


Q. STM 


RETAINER BONDED TO 
*-850 F\LM (JVF) 


TOP CROSS 


SlOEWALV- 
BLANKET 
LF £ COMP 


i SO WIDE VELCRO FULL 
LENGTH OF TUBE BOND 

~o tube, sew to outer 

SiDEWALL NET 

VERTICAL tube — 


v 00 SO VELCRO PATCH 
VKTERNVTTENT AEONS 
TOP D\ AGONAL. 


TOP BUCKET 
“ COMP 


- DIAGONAL 


SCH JELOAWL X 850 
-VLM CONTVNUOUS 
AROUND COMPARTMENT 


OGO m OO - 75 OO uG 
“ i BERG _ ASS .AMINAT e 
BONO ~0 X 850 “VLWV t 
SCREW TO TUBE 


SvOEWALLr 


SECTION F-F 

(scale VO 
(a PLACES) 



a 00 WIDE VELCRO CONTI NU- 

OUS VNSVDE HOOP SEW TO 
OUTER NET ^ BOND TO HOOP 


F\RE RGL ASS HOOP 
OGO T * 2 00 WVDE 
TOP t BOTTOM 
(a PLACES) 



T P (REF) 



ale tank SUPPORTS, 

PLUMBING UNES 4 FITTING: 
INTERNAL OF INSULATION 
BLANKETS will be wrapped 
WITH G SPACERS $_ 5 SHIELDS 
OF \NSULAT\ON 
SECURE WITH TAPE, VELCRO OR T\E 

RETAINER. 

0/A SO FT) 

SkDEWALL PANEL. 

V_F 2 . TANK 

(a places) 


PAYLOAD SUPPORT- 
(A PEACES) 

fvange- aoT * v as wide 

WEB (.2) aoT * \ as WVDE 

upper base as t •> a oo 

WVOE OSOOLb 

lower flange as t i a oo 

WIDE »■ G OOL<b 


retainer - 
(V/SQ.FT) 

TOP BLANKET 

LF^ COMPARTMENT 


RETAINER 

POSVTVONEO 

ADJACENT 

RAVE 


SUPPORT HOOP 


TCP 1 BOTTOM 
(JYPICAL) 


SIDEWALL BLANKET 
lh 2 COMPARTMENT 

as spacers (nylon net) 
aa swvelds (aluim mnlar) 


VELCRO STRIP 
CONTVNUOUS * V OO 
WlOE BOND TO RAIL 
SEW TO INNER NET 


- FIBERGLASS RAVL 
OGO THVCK 
2 FLANGES I SO WIDE 
‘WEB 2 OO WVDE 
(SO<7. LIGHTENING holeout) 


VIEW 

(SCALE 


A. OO (approx) 


HOOP 

BOTTOM X 850 
SEWN TO VELC 
SAME AS TOP 


TOP BLANKET 



T P ^EF) 
LOWER HEAD 


MOLDED NYLON v 
RETAINER tl/SQFT) 

TOP BLANKET 
LH? COMPARTMENT 
\a PLACES) 

SUPPORT RAVL 

(a PLACES PER COMPARTMENT) 
\/\ O) i 


SCARF SPACERS 1 SHIELDS - 
LOOP INNER NET AROUND 
SCARF 1 SEW TO OUTER 
NET (.TYPICAL) 



BOTTOM 
BLANKET 
LWj COMP 

(a places, 


v OO SO VELCRO 
BATCHES LOCATE 
INTERMITTENTLY on 
ALL. OVAGONALS WHICH 
CONTACT fvN INSUL- 
AT'ON BLANKET 


BOTTOM BLANKET 
LH ^ COMPARTMENT 
as SPACERS (NYLON NET) 
ZZ SHVELDS (.ALUM MYLAR) 


x-sso fvlm 


CROSS BRACE -TOP 

CLAMP 
(TVPLVKE BOTTOM) 


SCARF ^UKE 
TOP CORNER 


COMPARTMENT 

SEPARATION 

BL AN KE T (8 PLACES) 

5 SPACERS (NYLON NET) 
SSHVELOS (kon MNLAR) 

INTERLEAVE FVRST 8 SHVELDS 
l SPACERS OVERLAP 50 1 
INTERMITTENTLY TAPE SHVELDS 
TERMINATE OTHER SHVELDS \ 
SPACERS CLOSE TO X BSO FVLM 


RETAINER. 
(I PCR.ASQ FT) 


seen on c-c 

(scm.f: 7\) 

(ROTATFD GO°C>N J) 


SVDEVWALL BLANKET 

V_F Z COMPWMCNT 

23 SPACE RS(tV<\.ON NET) 
22 SHIELDS (ALUM M'lLtLR) 



S\DD V\DW 

(SCALE V/VO) 


-ANGLE - FIBERGLASS 
OGO <150 ‘ISO* 4500 LG 
(a PLACES) 


LH 2 MANV FOLD (OUT SVDE 
LF p COMPARTMENT) 
WRAP V4VTH as SPACERS 
l 2Z SHIELDS 

-VENT OR FVLL V.INE 
PENETRATVON 
BLAN <E T WVLL BE CUT % 
FVTTED TO OUTLET 
REINFORCE CUTOUT E SECURE 
TO BRACKET WITH VELCRO 


TOP BLANKET* _ 

(lf^ compartment) 

3V SPACERS, (NYLON NET) 
30 SHVELDS (ALUM MYLAR) 


V 


\ 00 OVA PATCH v 
(Alum mylar) 


DDT ML 

(3CA.LC \l\) 


— NNLON SROMMET NCLT DCWN 
WEPnO FOR ASSN WITH blanket 
SNAPS ON STUD 

NNLON STUD SNAPON STEM 
BONO TO ANGLE (4 PLACES) 
CTNPICAL) 


SECTION B-B 

(SCALE \/\) 



a sottom blanket Ilf ? compartment) 
/ ZS-SPACERSCNNCON NET), 

22 SHIELDS (alum MNLAR) 




I 


schueldaul 

X-BSO FVLM 


— RET AiNER 
V PER4-SQ FT 


CLAMP FIBERGLASS 
OGO THVCK (1 PLACES PER MEMBER) 

CROSS BRACE 


Figure D-10: 
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I 



MOLDED NMU>4 

blanket retainer 
(approx 4-00 ONCTR 
JERT\CAL^ 


MXlMl HV.MS t SPACERS 
SE^iN TO Z \PPER 


NVLON Z\PPER 


PERFORATE LASER 
BLANKET- tZSD\AWOLE 
ON \ 50 CENTERS 
(BOTH S\DES) 


.NSOLPTDON RETA\NER 
(as PL ACES) 


SECTION D-D 

(SCALE \/5 

TTPICAL CLOSURE FOR 
StDCWKU. I OONe 


PATLOAO SUPPORT 
STRUT 



CLAMP BRACKET 
OGO FIBERGLASS LAMINATE 



FIBERGLASS LAMINATE 
REINFORCEMENT AROUND 
CUT OUT IN it 850 GRID 
(12 PLACES) | 

FIBERGLASS LAMINATE RING 

INSULATION BLANKET 
(ONE PIECE! 

MOUNTING RING 
X-BSO GRID 


SIDEWALL INSULATION, 
SLANKET 
ONE PIECE) 


NTLON MOUNTING STUD 
E WASHER HT B) 


MOLDED NTLON INSULATION 


RETAINER ^jTTP) 


- T 

\/T. 

~0 * . j 

: .W 

l * B 

1 

-o-0 • 

• "i 

V 

|I.‘ *C<H 

. r 


S SHIELDS! ALUM MTLAR) 
G SPACERS (NTLON NET1 

MOUNTING RING 



ALL PROPELLANT LINES 
WILL BE INSULATION WRAPPED 

5 lasers shields (alum' ntlar) 

G ■ SPACERS (jTTLON IHETJ 


insulation Blanket 

CONICAL TANK , 

(2 PIECES) 


StCTlOM 

(SCALE III) 

TOP INSULATION NOT SUQWN 


SUPPORT RING 

^-^(JNPICAL IZ PL ACCS) 


ENCANt MOUNTING 
PCDESTAaU 


mSTMA-KUON 
lOENT \C AC TO 
TOP 


SECTION F-F 

(SCALE I/I) 



VIEW 

(scale .mo) 


FLAP 2 SHIELDS t 
2 SPACERS TAPE BOTH \ 
EDGES - TO SIDEWALL tjBASE N 

CONTINUOUS UCLCRO S'RlP- 
BOND TO TANK 2 SEWN TO 
IT LATER BLANKET I 


SIDE 


view 

(SCALE l/IO) 


sze shext \ for 

STRUCTURE 


INSULATION BLANKET 
RETAINER (.23 PLACE 5) 
MOLDED NTLON 
(l PER Sq FT) 


SHANK 0*0 T 



50 DIA » OlO THICK 
(TTP) 


-MELT DOWN HEAD 
tTTR) 

SPACER (.NTLON NET)* I 


SCHUELDAHL X- 850 GRID 
(ALUMINIZED , WIELD •!) 


MOUNTING RING- 060 'I 50' 
SG O DIA(A9RROX) FIBERGLASS 


-INSULATION BLANKET 
AO ALUMINIZED SHIELDS (MNLAUI 
<Vl SPACERS (NTLON NET) 
-DBERGLASVE.R>Xy -AMINAT E 027 t » I 50 W 
REINFORCEMENT BOND TO * 

X 850 GRID INPLACE 
RIliET TO FG RING ON APPROX 
fc 00 CTRS . 

NTLON STUD 1 WASHER) 

is places on approx; 
it 00' CTRS ■ 

00 ■ 020 THICK 


DACRON THREAD TIE 


t SHIELDS (ALUM MTLAR) 
3 SPACERS (NTLON NET) 


SUPPORT RING .060 * 

SSOOl A (APPROX) FIBERGLASS 

CONTINUOUS TELE SO STRIP 
SEWN TO 12 SPACERS a SHIELDS 
t BONDED TO SUPPORT RING, ioo"Wttl 


TELCRO PATCH BONDED TO 
RING t STUD CFNF) 


TAPE (.8 PLACES) 


CONE INSULATION BLANKET 





^-TELCRO PATCH 
\B0M3ED TO TANK 


i SHIELDS (ALUM MTLAR) 

3 SPACERS (NTLON NET) 

SEWN TO 11 LATER BLANKET 

17 MTLAR FILMS 

18 SPACERS (NTLON NET) 


MOLDED NTLON RETAINER 
(l PER A SQFT APPROX) 

SEW SIDEWALL BLANKET TO 
17 LATER BLANKET 


SOEWALL IH5ULATDH- 
BLANKCT 


MELT DOWN STUD 
ODER NTLON WASHER 


NTLON STUD t WASHER 
(IS PLACES) 


INSULATION SETS 
SEWN TOGETHER AT TOP - 
SEWNTO SIDEWALL BLANKET 


SHIELDS TERMINATE 


TO SIDEWALL 


SOEWALL INSULATION BLANKET 
LON NET) 


sidewall Blanket - 
CUT AT ADAPTOR LU® 
LOCATIONS 



ADAPTOR' 
SEPARATION PLANE 

ADAPTOR UJGS WRAPPED - 
WITH 5 ShiElL 
1 S SPACERS 
TAPE INPLACf 


ADAPTOR 


A 


gate 


fcUJM MVUfcR) 
OH Nt*Tj 


SECTION B-B 

(SCALE. 1/(1 


2 EACH SPACER I SHIELD/ 
I SH.ELD INSIDE 2 SPACER 


7 SPACERS (NTLON NET) 
7 SHIELDS (ALUM WVLAR) 


Figure D— 1 2: 

NOT DRAWN TO PROPER THICKNESS VEHICLE 2-19 PRELIMINARY DESIGN 
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FLO* lENT UNt 
2 OO OlA. « 035 VJAU- 


FUO* FILL UNE 
\ SODIA* 020 NAU_ 


PAf/LOAO TRUSS 


- FILL I 'JCKT BRACKET 
25 GRES 


VIEW B-B 

(S CALC \j\0) 


PPESSUR\2AT\0N 
UNC 
SO Dl*» 020 


HtUUM TKNK 



CH 4 VENT VAA.VE 

1 

CH 4 VENT UNE BELLONN5 

CM n. 1 VENT UNZ 
Z OO Dl A, *■ 035WM.L 

CH 4 'vjCNT |.Fl\.V.UNE BRACKET 
2S WES ^ 

CwJ EtU-UNE 
SO’O^A* 020 ‘NALL 

CW4.FEEO ONE 
BO DlA. * 020 \NALL 


CU* FEEO VALVE 



TANK SUPPORT STRUT 
fc> PEACES) 
\70D\Ki .028 WALL 


FLOX VENT VALVE 

FLOX VENT UHE BELLOWS 


Ue F\LLUN£ 
25D\f^« 040 VJ ALL 


FLOX F\LL t FEED UNE BRACKET 
(2 PLACES) 2S CRES PLATE 

FLOX FEED VALVE 


FUOY F\U_ VALVE 


PAN LOAD SUPPORT TRUSS - 
3\5DlA* 03GWALL 
FVBERGLASS 0 2 PLACES) 


FLOX FALL UNE BELLOWS 


FLOX FEED ONE - 
BELLOWS 

(2 PLACES) 


CENTAUR/ ADAPTOR 1 

\nterf4jce 


View A-A 

(SCALE \/lO) 

ADAPTOR NOT SMOMm 
CH 4 gimBAL BELLOWS 
FLO* GIMBAL BELLOWS 


CW* FILL VALVE 

fuo*. feed une 


-THRUST TUBE 
(i2 PLACES) 
l 25 OKU 035 WALL 
2219 -T 4- AL 



-THRUST RING 
BOOWV* 2 SO * 
22'9-TA AL 


250 «Ul 


ADAPTOR TRUSS 
2 BOOK*,. 042 WALL 
CARBON/EPOXN 
02 PLACES) 


RING 

2 2S* 225 * .058 WAU- 
2219 TA AL 


NOTES. ; 

1 TANKS ARE 2219 TGC4G AL t- 025 

2 FlU. FEED, DENT t ETC*, ONES ARE CRES 

3 TANK SUPPORT STRUTS ARE FIBERGLASS 

4 M1LAR, AUJUtNVZEO $ NON- AUJVMNITEO = 

IS NIL THICK I 

5 NVLON NET SEARS ROEBUCK Co, 'NT-- .S7«^/ t 45 

007 AUG THICKNESS I 


Figure D-13: 
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-rfRUST PING 


lELCRO PATCH BOND TO 
aRACCET SEW TO BLAN<ET 


BRACKET - OLD UV tvi 
FIBERGLASS lOOO DO '2 00 
(S PlACE^ 

UEVCRO PMCH-30ND 


SHIELDS i SPACERS 
STEP LNPPEO 


RETMNCRS 



SIDEWALL CUTOUT FOR FILL 4 VENT 
LIMES COOES REINFORCED l ATTACHED 
TO bracket «th mclcpo pctchss 


CONICAL BASE 
bucket 
(one thece) 


CUTOUT IN BLANKET TO 
ACCOM* WlOOATE STRUCTURE 


secTioN e-E 

(scale- 1 / i) 

BLNVKCT JOINT 


INTERMITTENT 


CONTINUOUS VELCRO BONO 
TO WHO, SEN TO 1 850 

ALUM-NNLAR PATCH BONOEO 
OMER CW RETAINER 


SCHJEU?AML J-BSO FILM 


Z 1 SPACERS (NTUON nett 
es, shields Qmjjm nklmi) 
(top bian<et) 


IB MVLAR FILMS 
IS SPACER S |NN LON NETT) 


2 SPACERS IJANLON NET) 
I SHIELD ((LLUNI MXLAR) 


base blanket 


SECTION B-B 

$CALE \/l) 


sdewall truss - 


SECTION C-C 

t^CALE l/l) | 

(insulation not shown SEE SCO B-B) 


OLAMP PINNED OR 
BONDED TO TRUSS 


laminated fiberglass clamp 

OfeO THICK 
(G= PLACES) 


see sneeT \ for structure: 

Rgure D-14: 

VEHICLE 2-18 PRELIMINARY DESIGN 
148 




I 


CH*L'NE SUPPORT - 
125 CRES tfe 


■ FLOX VENT $. CWiFEEDUNE 
SUPPORT BEAM 


FLOX VENT UNE BRACKET v 

.125 CRES ¥ N 

FLOX MEN! UNE 

2.00 CHA*. 035 WALL. 

UNE SUPPORT BEAM 

cm* une bellows 

FLOX VENT UNE BELLOWS - 

FLO* VENT VALVE 

CM* PECO VALVE 


r\_OX FILL UNE 

I SODIA * 020 WALL. 
-CM* PEEO UNE 

BO D\A» 020 'WALL 

- flox une scu.O'NS 


■ ONLINE BELLOWS 


-CM 4 uNE BELLOWS 

r FLOX FILL UNE BRACKET 

X 12S CRES ft 

V\r ch 4 une support 

\\ \2SCRESft 

Xl A— I 


-CENTAUR / ADAPTOR 
INTERFACE 


4132 ID ' 

/t mu 


CM*. VENT SUPPORT 
SEftM 


FLOX TANK SUPPORT 
STRUT fc PLACES) 
l 3S DIA * 02-7 WALL 


49 It ID (FLO V) 
LWALL* 025 


CM* TANK SUPPORT 
STRUT (Co PLACES) 
115 O'A. OI5WALL 


CM* VENT VALVE 


CM* VENT UHE ' 

BELLOWS 

CM* VENT UNE ' 

2 0001A* 035WALL 

UPPER RING — 

100*1 OQ< 032 

2219-T4 AL CM* VENT / 

ONE BRACKET / 
1 25 CRES // 

^ PRESSUR12AT10N UNE •(// 

1 SO 016. . OtOVKkVJL /// 

CM* FILL VALVE /V / 



Iji 


' cm*. 




/■ 


1 ~ ~ p ~ ^ 


top view 

(sc&ue* \/vo) 


CH 4 f\ll unt bcl\_cws- 


UPPER SAOCWkUV^ 

truss (\e purges) 

2 50 0\tK* 020 
7075- 7 Cb 

CW 4 FV\_\_ UNE / 

7SOV^x 020NNAAJL 

M\D R\N<£ 

\.OO*\O0 • 032 
221* -“T A 


VJEe v 

050 22VS*T4 n 


•I 00 • 75 « .0*0 \_ 
2215-T4- AL 


CH* F\\_L UNC- 
BRAGKET 
^5 CTCS % 


weuum fvll une — ^ 

2SOI 04* *IAU. 

SIDE view 

(SCALE \/VO) 


- FITTING 
& PEACES 
22I9-T4 AL 


-thrust TUBE 
(2 PEACES) 

I 25 OIA» 037 WALL 
2219-TA AL 

THRUST R\N6 

3-00 *19 00 DIA* 22 'NAJLS 
2219T 4 AL 


- FLO* FILL VALVE 
-CH* ffilMBAL BELLOWS 
-FLOX GMBAL BELLOWS 


-FLO* FEED VALVE 


-FLOX FEED UNE 
1 50 D\A » 035 WALL 


— LOWER RING 

■ 2 50 * 2 50 * 100 

1 22'9 T4 AL 

- LOWER SIDEWALL TRUSS 
ll 2 PLACES) 

2 50 DIA* 020 WALL 
7075 -T& AL 


- ADAPTOR TRUSS 
(12 PLACES) 

2 SODA » .05G.WALL 
CARBON /EPOXY 


- UPPER WNS 


lOO- 75 * 090 
L 2219 -T 4 AL 


B-BT- - 040 CRES 
TYPICAL UNE SUPPORT 
BEAN 

(SCALE l/tO) 




\x 


SET 5HeCT z FOR INSULATION 


NOTTS ( 

1 ALL FILL,FEED, VENT, ETC, LINES ARE CRES 

2 TANK SUPPORT FITTINGS ARE FIBERGLASS 

1 

3 TANKS ARE 2219 T0C4CAL. 

4 AUlMINllED MYLAR IS MIL THICK 

5 NYLON NET, SEARS ROEBUCK 4 Co 

WT- 37 oj'/V 4 *, ,007 AVG THICKNESS 


SECTION A-A 

(scale t/io) 

(ADAPTOR t PLUMBING not shown) 
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INNER INBOARD CW A STRUT 
(a REQD) v OODXA* 047W* 

27 G3 LONG 
INNER INBOARD FLO* STRUT(4RFQ 
X 40 OlA* OX8WML* 24 B LONG 


CLAMP - l OO WXOE * 040 T 
AUJWANUM 

FLOX FXLL UNE 


PAYLOAD ATTACH 
FITTING QG PLACES) 
FIBERGLASS (MOLD ED) 
FLANGE- Z SOO WIDE * 1ST 
WEB X 50 UXGU » 15T 
BASE UPPER 10.0 • 20 • .20 T 
BASE LOWER 1 5Q« 20 « 20T 



OUTER CW 4 STRUTS ( .4 REQD) 

100DIA* O 47 WALL * 22 GO LONG 

OUTBOARD INNER CW 4 STRUT (4- REQD) 
X OODIA * 047 'WALL < 27 G5 LONG 


OUTBOARD INNER FLO* STRUT (4 RCQD) 
\ SO DXA » .Q\SWAU_* BO 02 LONG 


ENGINE SUPPORT 
TRUSS ASSEMBLY 
(4 PLACES) 


OUTER FLOY. STRUT (4REQb) 
\ 40* 020 WALL * 22 G LONG 


CHa FEED manxfou 

L\NE BELLOWS 
(2 REQ O) 

CU 4 . VENT L\NE 
2 0DXA * OBS WALL 
CWa FEED MANXFOLD- 
UNE - l 2SD1A* 025 W 


PRESSURX7ATXON UNE 
SO DXA- 020 WALL 


UPPER R\NG 

1.2S* OGO WALL, 22X9 -T4- AL 
SIDEWALL TRUSS 


TORSION TUBE 
H 


ENGXNE SUPPORT TRUSS ASSY 


090 * LO « 2 O ANGLE 
22X9-T4 AL 

CtyP) 


{ SO OlA * 020 WALL 
FLOK FXLL VALVE* 

FLOY FXLL LINE BELLOWS 

ch 4 fill valve 

FLO* FEED MANXFOLD 
2 SO D\A * 035 WALL 
X BELLOWS REQO 

CW 4 FXLL UNE BELLOWS 

CU 4 FXLL LXNE SUPPORT CLAMP 
X OO WIDE ■ 040T ALUM 

CW4 FXLL LXNE 

75DXAH 020 WALL 


c-c 

VENT UNE SU1 
(2 REQD) 


\ OODIA* 020 WALL 
(4 REQ'D) 




CENT AUR /ADAPTOR 
INTERFACE 


r C 
^-7od 

WA\JL(JYF) 


SIDE WML 

TRUSS STRUCTURE 
2 25 OlA * 020 WALL 




CW^VENT VALVE 


X 50 OlA * 049 WALL 

SIDEWALL TRUSS 

LSODXA- OG5WALL 
X SO OlA* -OBS WALL 


SPLXCE PLATE _ 
X2S 22X9 -T 4 AL YP) 

X SO DX A * OBS WALL 

ENGXNE SUPPORT 
TRUSS ASSEMBLY 


X SO OX A » OBS WALL 


TRUSS SUPPORT TUBES 
ARE 22X9-T4 AL 


LOWER RXNG 20-20* X2S \N ■ 3G OO D\A 
22X9 -T4 AL 

GMBM BELLOWS, CU 4 FEED 

GXNBAL BEU_OWS ( FLOX FEED 

BO D\A * 020 WALL 
CU 4 FEED LIME 

CHa FEED SWUTOFF VALVE 
FLOY FEED SWUTOFF VALVE 

FLOXC FEED UNE 
\ GO DX A * OBS WALL 


, HELIUM TANK 

BRACKET 
(2 REQ'D) 

.090 x G 0*700 
2 2 00 FLANGES 
22X9 T4 ALUM- 


MXD RXNG - 


I 25* I 25 * DGO WAU- 
22X9 -T 4 AL 


ADAPTOR TRUSS 
I SO OlA » 028 WALL 

carbon/epoxy 

(£4 PLACER) 


notes; 

1 ALL TANK SUPPORT STRUTS ARE FIBERGLASS 

2 ML FEED VENT ,F\LL 4 ETC, LINES ARC ORES TUBE 
a FLOX 4 cw 4 TANKS are -02S T 2219 TGE4G ALUM 

A MVXJKR^NON ALUMXNXZCO 4 ALUMXNXTJCO, \S \S MXLS TUXCK 
S. NYLON NET. SEARS ROEBUCK t Co WL* 37 4 * 3 /* a*. 

.007 AVG TMXCKNETSS. 


side : view 
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THRUST RUNG 


-ENGINE GIMBAL 
FEOtSTAE 


molded nnlon RlTmncr 

4 00 ON CENTERS VERTICALLY 


-P\LMS t SPACERS 
SEWN TO ZIPPER 


— SVM 


- NYLON z\ppe« 


-perforate elms i spacers 
lE5 01 A HOLE ON \ 50 CENTERS 
MERT\CALLY 


OfcCRON 

T\E 


ENE 

(a plac.es) 


- DACRON thread 


N 'O SPACERS (NY LON NET) 

a SH1ELOS (ALUM MYLAR) 

- NYLON RETAINER 
(4 PLACES) 


- INTERLEAVE 4 LAYER BLANKET WITH F\RST 
LAYERS OF 5 LAYER BLF.NVC.ET UO\N SHIELDS 

with pressure sensvywje tape 


-INSULATVON CUTOUT 

for pmlofd : Support 

FITTINGS 


-MOLDED NYLON BLANKET 
ASSEMBLY RETAINER 

0 a places) 

-molded nylon vnsuladon 
hctnncr (thru il-sso) 

(aS PLACES TOTAL) 

( pcp.;sq ft) 


-TOP \NSULAT\ON BLANKET 
(ONE PvECE) 


■I h 

rr A 


- rberglass 
.ring 



SECTION E-e 

(SC \f\) 

TNP\CM_ ^0\NT FOPs 
SDFNNNU. BPV5F 


-GROMWk^T - KICOM 
(B P^PkCFB) 



-TRUSS KSS'i 


naeRG^ss 


Fl\_LFR 

BONO TO C\_WMP 


• CNGINC 
RECESS 
blanket 


r—E 


SECTION F-F 

(SCALE Wl) 




WVCM S\OE'W^\_\_ . 

wzt ne f &o peaces) v 

\ PERy 4. SQ FT \ 



- 5 SPACERS (HNLON NET) 
4. GWIEC.OS {*CUM 


\G I'AMCCvR F\V_W5 
.1C NNLON Wl SPACERS 


\ OO - SO - G OO / 

SP^C\NG VJECCRO PPOCH 

4nEQNO TUBE (b pekces) 


' *5 NT EON NET SPNCE^S — v 
IBMVLKRRLMS \ 


-TOP CHORD 
TRUSS tVSSS 


^CH V_DPaV4V_ X-BS>0 — \ 

plm 


'OP a>EP<N<ET - 
37 SPIERS (MUON NET) v 
37 SHIELDS HUU SANLAR) 


1X30 D\fT 

MJJM MTLfvR 
PKTCVA (BONDED) 

(xtpvou) 


GO r<RERG_*SS -a 

i s »& SE NT So PE- S) x. 
ONDED 70 K SSO a 
CREWED TO STRUCTURE 


SECXOM C-C 

(SCALE \/\) 

(ROTATED CVN 37® 0) 


-TOP CHORD 


OGO * V 20 * 3ZZ 0 IfiRC) . 
r\SERCLKSS R\NS / 
(SCREW TO STRUC.) / 


/ PRESSURE-/ V \ V" 
/ SENS\T\\JE TAPE N^Vj v 

— 5 SPACERS NT LON NET Tn 
5 SHIELDS (ALUM NWLW.) N N 

ALL STRUCTURE PLU*AB\NG N 

LINES AND P\TT\N6S WLLBE 
mSULATED 


SVDEVNALL TRUSS 


JELCRO CONTINUOUS 
30NOED TO S~RUC~UR£ 

SDEWALL SPACERS \ 

films SDNN to vjelcro 




_J\ 


— — — 30(THP) 


top Blanket p\f cut 
a taped to form 

CORNER 


- inner 4 OUTER net laters 
SEWN TO S\DF*]NlU OUTER NET 


-3 5CTS OF Z SPACERS £ 

2 SVUELOS SEVAN TOGETHER 
(. TO V/ELCRO STAGGER AS 
SUO'NN 

30ND ’CONTINUOUS VJELCRO TO FG 

RiNG 


~Q» SHIELDS (ALUM MNLAR) 
G SPACERS (NNLON NET) 

- is N^LON NET SPACERS 
HV NATL-AR PVCKAS 


SFCTIOM B-B 

(SCALC l/lj 
POTClTEO C'M 57“ \ 



view f\-t\ 

(SCALE \/>0) 


-\ 5PNCER tNVLON NET) 
' SHIELD ALUM MNLAfO 


F\LMS 1 SPNCCBS- 
SDNN TO UELCRO 



engine recess 

\NSULAL \ ON BLANKET 


PANLOAD- 


INNER net later LOOPED 

GROUND 1 SENNN TO OUTER. 
NET 


- MELCRO STB\PS 


V V 

V 7 



v SEF 
DeTf\U_ 
■ 31 


— NLUON BASE 
blanket 
RF- tNUER 


-base Blanc 

I. c ?,ECE ; 


SDEltall B.f-nke - 
(C\E PvECE] 


SECT\OU D-D 

SCALE \/\ 

ENGINE RECESS BLANKET JO'NT 

(TVP Z PLACES)) 


SIDE V\E\N 

(scale v/)0) 


-LOV0EB CHOB.D 
TRUSS ASSN 

NNLON RETAVNER. 

I PER/ 4 SO FT 
(A PLACES) 


F'LMS i SPACERS SEWN 
TOGETHER. tO<7 5 MELCRO 
PATCHES ON S O SPACING 
AROUND PANG 


DBER6LASS LAMINATE 
clamp 

(A PEACES) 



, SV DEW ALL F\LMS t SPACERS 

' SEWN TO MELCRO 

VELCRO BONDED TO STROCTURe 

- iNNER 4. OUTER NET LAVEOS 
SE'NN TOGETHER 


— 3ZZ Ca_l 
Cj’C/^T ~3 
(VN.D F '\_L . 
CL” OUT ZZ 
-v NFO"^: 
SF.NJK Z. f . 

6F£vd<r- 


- tiKStT BLPv^VCtT S€^NN 
TO VJCLC^O 

BOND M£LCPO TO STRUCTU^F 


50 DVPv * 0\0 

c 


NAOLOeD NNLOM RUTPWNCR 
%, (V/.CLT UO'WU HCfvD) 

(ttpvcal) 


SVDEMJEvLL INNeft 1 OUTCF 
NFT SPPaOCFS St'MH TOGCTH^R. 


BAStT 3LAN<CT SeVMN T OGCTHCP 
vw\TVX MtILCRO PNTCHCS BOTH S\DDS 
BASC BlAH<CT SCCsOlLDPDD TO FORM 
COPNCP INNCFI MCLCPO PWCHCS APC 
BDTSOCO TO STRUCTURE 


- inner s\oew&.LL hft spaclr 
sevwtu to uclcpo pccrcw 

MCLCRO PATCH Sc'NN V4VTH BAvSe 
BLf^M\<LT 
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LONNeR CHORD 


DFTND X 

(scale. I / 1) 









PAYLOAD SUPPORT 
WRAPPED AT PENET RATIO 
(typ; 

Q> SPACERS 
s SHIELDS 


X- BSO 

sewn to velcri 
split to form 

BEND i SCALLOP 
to MISS STUDS 
BONO VELCRO TO 
R\HQ 



CONICAL BLANKET 


set sec a b 

FOR TOP 


*N<=>ULATlON SUPPORT 
STRUCTURE 



N'tl.ON ReiWN-IR 
(4 00 ON CTR VERTlO AI.LYJ 


MYLAR FILMS l SPACERS 

SEWN to UPPER 


EN&lNe RECESS 
Sl^NXtT 


vplcro 


- WLON ZIPPER 
5YM ^ 


-perforate “\V-MS & spacers 

tZSOIAHOLE ON I SO CTRS 


SECT\ON 

fecivLt w>; 


F-F 


TOP BLANKET 


NNLON PE~IWNER - 

(7 places) 


cut i tape edee 
TO FORM BEND 


r* a 


SEW FILMS $, SPACERS TOGETHER 
OUTER SPACER. NET $. INNER 
SPACER NET SEWN TOSC1WCR 


FILMS 1 SPACERS — 
SEWN TOGETHER 5. 
TO VELCRO 


\ 


f\ 


i — r" 


bLL ET-E .„o -. 

(scale \/v) 

(TYPICAL JOINT FOR 

sidewall 4 base blanket) 


BONO VELCRO 


TRUSS TUBE. 



(NtneRMCT looped ground 
sewn together with outer net 
sew VELCRO TO I NNER NE T 

VELCRO STRIP 


/ 


Xi 

A c 

» B tJ 

B . 

Li • r 

1 

1 

. N 

P/ 

k. 

° j 

°,y 




CUTOUT 
FOR PAYLOAD 
SUPPORT 


.D 


AYLON STUD & 'WPsSHrR ' 

BONO TO RING 

(zo places) (two at 

SIDE VJtkU JOINT) / 


VELCRO OlSK 

BONO TO WASHER 
SEW TO NET SPACE 


14 SOBERS (NYLON NET) ' 

,4 MYLAR RUMS 

5 SPACERS (NYLO N NET) 

7 SHIELDS (ALUM MYU AR) 

SO DUX * QlO 

06-0 T SHANK 


yER SIDEWALL NET SEWN 
TO VELCRO PA TCP 
YE -CFO PATCH SEWN N\TW 
B-LbE BLANKET 


BASE 3 _ANKET SEWN 

“OGETHCR WITH VELCRO PATCHES 
BOTH SIDES EASE BLANKET IS 
SC-dOPED ~0 FORM BE NO NNER 
/E\- CTO IS BONDED TO R\NG 


D£TA\l_ SHOEING CNG\Nie 
ReCe&5 BLftNVCeT JOVUT 

(SCWlE l/l) 

(ALONG ONE TRUSS ONLY) 


MOLDED NYLON RETAINCR- 
(TYPlCAL) 


OfcO * 750 * 50 OO DlA 
F \BERG \_ ASS LAMINATE RING 
HELD TO CLAMP 'NHH VELCRO 


VELCRO STRIP SEWI— 
TO X-BSO EDGE 
BONO OTHER HMF 
TO FLAT 


OGO • V zs W FLAT BAR 
YIELDED TO TUBE 

INSULATION SUPPORT- 
TUBE 




- INNER i OUTER NETS 
SEWN TOGETHER $. BACK 
TO TOP LAYER 



\ 


2 SPACERS (NYLON NET) 

2 SHIELDS (ACUNA NX CAR) 

• 3 SPACERS (*■ 
l 3 MYLAR FlLV 



- =>AVcOAO 


-CON\CAC BCANKE-T PANEC 
& PEACES) 

- NVCON RETAVNER 

(jo PER PANEC) 


NNCON RETAINER 
( 2 PC ACES) 

BASE BCAN<ET 
("WO P\E CE) 


sec. 

tjSP^V. PKMCL JOINT) 
, (£> P\-KCES) 

DNORON T\E Cy'lW ’ 


scHje\_otv.wt 
X 850 FILM 


EN&INt G\MBXL 
PCDFSTM. (RCF) 


85 \JtLtRO 

30NQ TO R\NSj 5CW TO BLM^KtT 

C. SPACERS (MN LON NCT) 

Q> SHIELDS (.(>.LOM SML1LR) 


v\ew f\- a 

(SCACE \/\0) 

•STRUTS NOT SHONNN 


s\oe view 

v SCAcE \/\0) 


iOEYslACC BCANKET 
(ONE P ECEj 


NVLON RETA\NER 
( 2 PC ACES) 


\£ SPACERS (NVCON NET) 
15 NANCAR F^CVsA 


\NNER %. OUTER 
SPACERS SEXNN 


BASE bcanket SeWN 
TO YECCRO - BOND 'JEcCRO 
TO R\NG 


--INNER ^.OUT=_RNET LAYERS 
SEYslN TOGETHER 


nncon retainer 
(Q> PLACES) 


7 5 VELCRO PATCH 
COO SPACING AV.QN& TUBE 

(T V P\CAC s strut cocat IONS) 

G SPACERS (HYCON NET) “A 
G> SH'ECDS (ACUH MYLAR) \ 

\G SPACERS (NYLON NET) f 
IS MYLAR FILMS J (TWO PIECE) 

THRUST TRUSS ASS2 



X BSO P\.cvCED OVER STUD 
SCALLOP EDGE TO MAKE BEND 


MOLDED NNLON STUO 
3 PER PANEL 
(\ 8 PLACES TOTAL) 

3ono to ring 


2S 0\A *■ 02.0 Vs) ALL 


STRUCTURAL.- 
R\NG 


INSULATION 
SUPPORT TUBE 


X- 8 SO 

OVER TOP STUDS - SHAPE 
OF X-Q50 IS THE SAME AS x 
PANEL X 

24 SHIELDS (ALUM MNLAR)-t— ^ 

25 SPACERS (NVCON NET) 

Q> PANELS 


TERMINATE SHIELDS 
i SPACERS 


INNER l OUTER SPACERS 
OF TOP B-ANK.ET SEWN TO 
CONICAL BLANKET SPACER 

SOD! A * OiO THICK 


(TVP, 


ajjjM VYLAR COVER 
IOO DlA -BOND 

-MOLDED NYLON RETAINER (T^ p ) 
MEl"T OOVNN SHANK 
TURu X-BSO 

N 0 40 D\A SHANK 


SECTION C-C 

(SCALC l /I) 


SeGT\ON B-B 

CsoNLe i/\) 
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TABLE D-l : SUMMARY WEIGHT COMPARISON 


TYPE PROPELLANT 

flox/ch 4 

LF 2 /LH 2 

COMMENT 

CONFIGURATION NO. 

2-2 

2-3 

2-14 

2-18 

2-19 

1— 2A 

1-2B 

1-3 

1-7 

1-14 












Including Adapter 

Including Thrust Structure, Propellant Tank 
Supts., Main Body Rings 
Including F.G.Structure Between P/L 
and Upper Ring 

Including Propellant Tank Membrane Wt., Vapor, 
Helium & Helium Tank, Basic Insul 
(at sized by tate program). 

Including Misc."Overlap” Penalties, Velcro and 
Other insul Attachments, Insul. Over Internal 
Structure and Plumbing. 

Including Non-alumimzed or Aluminized Shields 
as required for Meteoroid Protection ” 

Including Thrust Vector Control 
l Including Vent, Feed & Fill Plumbing, Supports 
) & Propellant Tank Outlet Penalties 

Total System Except Helium & Helium Tank 

STRUCTURE GROUP 

180.1 

132.3 

1193 

86.2 

93.5 

199.8 

169.2 

166.4 

135 2 

150.7 












Primary Structure 

41 6 

49.1 

62.6 

295 

56.1 

51 3 

54.7 

49 3 

954 

67 7 

Secondary Structure 

91 5 

■SSI 

45.8 

28.1 

28.4 

117.7 

103.6 

106.2 

32.5 

73.9 

Payload Support 

47.5 

10.9 

109 

286 

9.0 

30.8 

10.9 

10 9 

7.3 

9 1 












THERMAL SYSTEM GROUP 

81.2 

89.5 

65.5 

58.7 

65.0 

112.5 

1030 

125 0 

110.7 

76.8 












Primary Component* 

57.2 

64.0 

59.5 

47.6 

51.8 

75.2 

66 1 

78 2 

88.4 

64.8 


■ ■ 



■ttiu.4 

■ ■ 

■ ■ 





| Secondary Insul. A Weight 

16 7 

14.6 

6.0 

7.0 

9.6 

37.3 

20.4 

33.2 

22 3 

«•<> 




■ttlllJUBi 


1 1 

■ ■ 


' ’ 1 



Protection A Weight 

6.3 

10.9 

• 

4.1 

3.6 

• 

16.5 

13.6 

• 

• 












PROPULSION SYSTEM GROUP 

281.7 

294.2 

247.2 

254.1 

245.5 

331.7 

338-8 

360.6 

317.1 

278.5 












Engine 


108.0 

BL£| 

108.0 

108.0 

108.0 

108.0 

108.0 

108.0 

108.0 

Fuel System 

80.4 

67.3 

51.4 

44.2 

44.9 

68.5 

67.9 

120.6 

119.7 

62.5 

Oxidizer System 

600 

86.6 

56.2 

71.1 

61 8 

122.5 

130.6 

99.6 

56 2 

76.4 

Penumatic Control 

16.0 

16.0 

16.0 

16.0 

16.0 

16.0 

16.0 

16.0 

16.0 

16.0 

Pressurization A Weight 

17 3 

16.3 

156 

14.8 

148 

16.7 

16.3 

16.4 

17.2 

15.6 












TOTAL HARDWARE 

542.0 

516 0 

432.0 

399.0 

404 0 

644 0 

611.0 

652.0 

563 0 

506.0 












PROPELLANT 

2.440.0 

2.440 0 

2.440 0 

2,440.0 

2,440 0 

2,170.0 

2,170.0 

2,170 0 

2,170.0 

2.170 0 























TOTAL SYSTEM 

2.982.0 

2,856.0 

2,872.0 

2,839 0 

2,844.0 

2,814.0 


2,822 0 


2,676.0 

** 











RELATIVE HARDWARE WEIGH! 

1.36 

1 29 

1.08 

1.00 

1.01 

1.27 

1 21 

1.29 

1 11 

1.00 


















' 







WEIGHT (LB) * Included in Primary Thermal System Component* 

” Config Hardware Weight/Lightest Config. Hardware Weight 








































































































































































































TABLE D-l: SUMMARY WEIGHT COMPARISON 


TYPE PROPELLANT 

flox/ch 4 

LF j / LH 2 

COMMENTS 

CONFIGURATION NO. 

2-2 

2-3 

2-14 

2-18 

2-19 

1-2A 

1— 2B 

1-3 

1-7 

1-14 












See Table D— 1 for Comments 

STRUCTURE GROUP 

81.8 

60.0 

542 

39.1 

42.5 

907 

76.8 

75.5 

84.1 

684 












Primary Structure 

18.9 

223 

28.4 

13.4 

25.5 

23.4 

24 8 

22 4 

43.3 

30.7 

Secondary Structure 

41.5 

32 8 

20.8 

12.8 

12.9 

53.4 

47.0 

48.2 

14.8 

33.6 

Payload Support 

21.6 

4.9 

4.9 

13.0 

4.1 

13.9 

4.9 

49 

3.3 

4.1 


































THERMAL SYSTEM GROUP 

36.9 

40.6 

29.7 

26.6 

29.5 

51.1 

46.8 

56.8 

50.3 

349 












Primary Components 

26.0 

29.1 

27.0 

21.6 

23.5 

34.1 

30.0 

35.5 

40.1 

29.4 

Secondary Insul A Weight 

7.6 

6.6 

2.7 

3.2 

4.4 

16.9 

9.3 

15.1 

12.4 

54 

Protection Aweight 

2.9 

4.9 

• 

1.9 

1 6 

• 

7.5 

6.2 

• 

• 












PROPULSION SYSTEM GROUP 

127.9 

133.6 

112.2 

115.4 

111.5 

150.6 

153.8 

163.7 

144.0 

126.4 












Engine 

49.0 

40.0 

49.0 

49.0 

49.0 

49.0 

49.0 

49 0 

49.0 

49.0 

Fuel System 

36.5 

30.5 

23.3 

20.0 

20.4 

31 1 

30.8 

548 

53.9 

28.4 

Oxidizer System 

27.2 

39.3 

25.5 

32.3 

28.0 

55.6 

59.3 

45.2 

25.5 

347 

Pneumatic Control 

7.3 

7.3 

7.3 

7.3 

7.3 

7.3 

7.3 

7.3 

7.3 

7.3 

Pressurization A Weight 

78 

7.4 

7 1 

6.7 

6.7 

7.6 

7.4 

7.4 

78 

7.1 























TOTAL HARDWARE 

246.0 

234.3 

196.0 

191.1 

1B3.4 

292 4 

277.4 

296 1 

255.6 

229.7 












PROPELLANT 

1107.8 

1107.8 

1107.8 

1107.8 

1107.8 

985.2 

985.2 

985.2 

985.2 

985 2 












TOTAL SYSTEM 

1353.8 

1296.6 

1303.9 

1288.9 

1291.2 

1277.6 

1262.6 

1281.2 

1240.8 

1214.9 
























RELATIVE HARDWARE WT *• 

1.36 

1 29 

1.08 

1 00 

1.01 

1.27 

1.21 

1.29 

1.11 

1.00 













Ln 


• • 


Config. Hardware Weight/Lightest Config. Hardware Weight. 


WEIGHT {KILOGRAMS! 















SECONDARY STRUCTURE 


Main Body Rings 


Upper Ring 


Mid Ring 


Lower Ring 


TABLE D-2: SECONDARY STRUCTURE AND INSULATION DETAIL WEIGHTS 


1-2B 


' 103.6 


CONFIGURATION NUMBER 


1-3 


Tank Support Structure 


Thrust Structure 


Engine Ring 

9.10 

Thrust Ring Assy. 

aoo 

Thrust Truss/Tube Assy. 

33.00 

Torsion Tubes & Braces 

2.25 


SECONDARY INSULATION 


Insulation Support Structure 


Rings 

10.81 

Support Tubes 

8.57 

Misc. Supports 

6.25 


Additional Insulation 


Tank Support Str. Insulation 


Thrust Str. Insulation 


Plumbing Insulation 


Insulation on Other Int. Str. 

: 0.61 

Misc Overlaps. Etc. 

1.53 


Upper Diagonal Brace 
WEIGHT IN LB 

































































































TABLE D-2: SECONDARY STRUCTURE AND INSULATION DETAIL WEIGHTS 



WEIGHT (KILOGRAMS) 


































































































TABLE D-3: SECONDARY STRUCTURE & INSULATION DETAIL WEIGHTS 


CONFIGURATION NUMBER 

1-2A 

1-2B 

! 1-3 

1-7 

1-14 

twxyij pvsj jpy. 

■■■■■■■■■ 

■ || || 





WEIGHT (LB) 


n> Includes items not accounted for under major joints. 
































































TABLE D-3: SECONDARY STRUCTURE AND INSULATION DETAIL WEIGHTS 



CONFIGURATION NUMBER J 

1-2A 

1— 2B 

1-3 

1-7 

1-14 


W8BK3! 

ft' | ■ 

■ 



■ 

■ ■ 

■ ■ 



■ 

■H 


l 

— 1 

i SECON DA R Y 1 NSU LATI ON (Conti 

! 



1 








L~r 






■ 

. 


■ ■ 



■ 


■ 

. ■ 


| | 



Major Joint Assemblies 


033 



1 59 



288 



2.88 



3 77 


Sidewall & Base 

0.009 



0 009 



0 35 



0.054 



0036 



At Upper Ring 

0.059 



0.630 



1 46 



— 



096 



At Mid Ring 

— 






— 



- 



2 63 



At Lower Ring 

0.059 






030 



- 



0083 



At Engine & Thrust Rings 

0159 



0 041 



0.77 



— 



0059 



Other 

0.041 



0.149 



— 



2.82 



















||||j 



X— 850 Film 


1 25 



0.98 



0 97 



208 


Si 

0504 














■ I 




Miec. Attachments 


1.07 



0.0454 


— 

0163 



0.059 

1 




Velcro 

0 168 



0009 



■■I'A-M 



0 014 



0.014 



Clamps, Retainers, Studs, Etc, 

0.0454 



0 032 

. 


0 0149 



00454 



0.023 



Mice. Fiberglass Rings, Etc 

0.85 



- 



- 



- 












ft 







1 

(saafifi 


Miscellaneous Insulation Items 


0.67 



0 75 

M31II 

■ ■ 

1 04 



1 02 



0.82 


(Bonds, Etc ) 
















1 
























r — 





















■ ■ 





















— 











i 



1 . 

















! 
















1 
















[ 






































i 











































WEIGHT (KILOGRAMS) 



























































































































































TABLE D-4: SECONDARY STRUCTURE AND INSULATION DETAIL WEIGHTS 


CONFIGURATION NUMBER 


2-14 


SECONDARY STRUCTURE 


Mam Body Rings 


Upper Ring 


Mid Ring 


Lower Ring 


! 5.96 


Tank Support Structures : 

Thrust St r ucture ! 

Engine Ring 1.50 i 

Thrust Ring Aswmbty I 3.42 

Thrust TrussTTube Assembly ~l 121 


Torsion Tubes & Braces 3.61 


SECONDARY INSULATION 


Insulation Support Structure 


Rings 


Su 


Misc. Supports 


Additional Insulation 


Tank Support Structure InsulatloH 0.17 


Thrust Structure Insulation 

0.23 

Plumbing Insulation 

0.25 

Insulation on Other InL Str. 

a 32 

Misc. Overlaps, Etc 

0.67 


0.0127 


0.0150 


0.586 


WEIGHT (KILOGRAMS) 





















































































































































TABLE D-5: SECONDARY STRUCTURE AND INSULATION DETAIL WEIGHTS 



Include* item* not accounted for under major joint*. 


































































TABLE D-6: CH 4 SYSTEM WEIGHTS 


CONFIGURATION 


VENT 

Line 2.00 x 0035 

(00613 Ib/in.) 

Flanges 

0130 Ib/ea. 

Solenoid Valve 

&0 




gj 


150 in 9.2 


26 3.4 


90 in I 5 5 


9 1.2 


8.0 


2 i 100 


35 in. 2.1 


6 as 


FEED 

Manifold 1.25 x 0025 

0.027 Ib/fn. 

Feed 080 x 0020 

0014 Ib/in. 

Flanges— Manifold 

0067 Ib/ea. 

Feed 

0042 Ib/ea. 

Bellow* 1.2SD 

3.2 

0.8 D 

2.0 

Shutoff Valve 

5.5 

Supports 

20% 


40" x 3 


15 in. I 


18 I 


2 


3 


90 in. I 2.4 


20 in. I a3 


100 in. I 1.4 


9 I 0.4 


50 In. a7 


FILL 


Line 0.75 x 0020 


Flen 


Oitconnect 


Fill Valve 


Bellovvt 


Supports 


TANK OUTLET AwEIGHT 


131 (013)/Tank 


Feed (3) (O067)/Tank 


3 1 

1.2 

3 

i 06 


TOTAL 


WEIGHT LB 



































































































































































TABLE D-6: CH. SYSTEM WEIGHTS 

4 



CONFIGURATION j 

QTY 

2-2 

QTY 

2-3 

QTY 

2-14 

1 

2-18 

QTY 

2-19 | 

VENT 






wrrm 



KEEP 



9.8 



10.0 

Line 5.00 x .089 cm (.028 kg/cm) 

381 cm 

4.18 


228 cm 

350 


839 cm 



50.8 cm 



76.2 cm 



Flange* (.059 kg/ea 

26 

1.54 


9 

354 


6 

0.363 


6 

3363 


mam 

3227 


Solenoid Valve 36 kg/ea. 


363 



363 



363 



363 


m 

3.63 


Bellow* 2.27 kg/ea. 

2 

4.54 


2 

4.54 



2.27 



2.27 



327 


Oitconnect Valve 1.36 kg/ea. 


1.38 






1.36 



1.36 



1.38 


Support* 20% 


304 



350 




pyrp 


1.63 



1.68 











■ 







FEED 



11.89 



9.31 



7.26 



4.38 



4.63 

Manifold 3.17 x .064 cm (.012 kg/cm) 

101.6 x 

7.6 cm 

1.45 


228.6 cm 

1.09 


- 



- 



- 


















Feed (.006 kg/cm) 

38.1 cm 

ao9i 


50.8 cm 

3136 


264.0 

364 


538 cm 

3136 


127 cm 

0.32 


Flange*— Manifold .034 kg/ea. 

18 

a 54 


6 

3182 


— 



— 



— 



Feed .019 kg/ea 

2 

a 045 


2 

3045 


9 

3182 


5 

3091 


6 

3138 


Bellow* 3.170 1.45 kg 

3 

4.36 


2 

1.09 


— 



— 



- 



2.030 .91 kg 


0.906 



0l91 


_ 3 

372 



391 



391 


Shutoff Valve 360 kg 


350 



350 



350 



350 


P P 

350 


Support* 20% 


1.99 



1.59 



1.27 



■P ££ 










. _ . 






P 


P.ft^P 






55 



56 


mm 

5.5 


P 

56 

PI 


5.5 

1 Una 1.91 xJStcm 1006 ko/cml 

IQulcm 

rm 


137 cm 

mm 


39 cm 



137 cm 

332 


8.9 cm 

323 



2 

3045 


4 


■PP 

4 

3041 


— 

3091 


4 



Duconnect .86 ka 


068 



386 



388 


■ ■ 

386 



368 


Fill Valve 2.49 ka 


35 



349 



349 



349 



349 


Bellow* 0.91 ka 

U~M 

391 



391 



391 



391 



391 


Support* 20% 

■ 

391 



391 



391 



391 



391 



i 















TANK OUTLET A WEIGHT 

■■■ 


3817 



3544 



3272 

P 


3272 



0.272 

Vent 3/.05WTank 

up 

3544 


2 

3383 

pajSp 


3363 



0.363 



3383 


Feed 3/.031/Tank 

3 

3272 


2 

3181 

i 


0.091 



3091 



3091 








p$ap 













p^p 





■ P 


P 


| M 

P 

P 


BjiSSiipl 

[ TOTAL 






3355 



2334 

L 


2307 

1 



20.29 ! 


o 


WEIGHT (KILOGRAMS) 































































































































































TABLE D-7: FLOX SYSTEM WEIGHTS 



CONFIGURATION 

QTY 

2-2 

QTY 

2-3 

QTY 

2-14 

QTY 

2-18 

QTY 

2-19 | 

VENT 



2X9 



3X0 



22.4 



23.9 



26.0 

Line 2.00 x 0.035 (0.0613 Ib/in.) 

78 m. 

4.8 


90 in. 

5.5 


35 in. 

2.1 


50 in. 

3.1 


80 in. 

4.9 


Flanges 0.13 Ib/ea. 

6 

08 


8 

1.0 


6 

0.8 


6 

0.8 


6 

08 


Solenoid Valves 8.0 Ib/ea 


8.0 



8.0 



XO 



XO 



XO 


Disconnect Valves 3.0 Ib/ea 


XO 



XO 



XO 



XO 



XO 


Bellows 5.0 Ib/ea 


5.0 


2 

100 



5.0 



5.0 



5.0 


Supports 20% 


4.3 



X5 



X5 



4.0 



4.3 


































FEED 



1X6 



34.2 



1X6 



29.9 



17.6 

Line 1.60 x 0.035 a0497 

25 In. 

1.2 


25 in. 

1.2 


25 in. 

1.2 


90 in. 

4.5 


50 in. 

X5 


Flanges 0.10 Ib/ea 

3 

03 


8 

09 


3 

03 


8 

0.9 


6 

0.7 


Bellows 4.0 


4.0 


3 

1X0 



4.0 


3 

1X0 



4.0 


Shutoff Valve 7.5 


7.5 



7.5 



7.5 



7.5 



7.6 


Support s 20% 


2.6 



X7 



X6 



5.0 



2.9 


Manifold X50 x 0.035 0.0769 

- 



90 in. 

09 


— 



— 



— 



FILL 



17.8 



17.9 



17.5 



1X6 



17.5 

Line 1.50x0.020 00264 

50 in. 

1.3 


55 in. 

1.4 


40 in. 

1.1 


15 In. 

04 


35 in. 

09 


Flanges 0060 

4 

02 


4 

02 


4 

02 


4 

0.2 


6 

04 


Bellows 3.8 


3.8 



X8 



X8 



X8 



X8 


Fill Valve 7.0 


7.0 



7.0 



7.0 



7.0 



7.0 


Disconnect Valve 2.5 


X5 



X5 



X5 



X5 



X5 


Supports 20% 


XO 



XO 



X9 



X7 



X9 


















TANK OUTLET DELTA WEIGHT 



07 



1.5 



07 



0.7 



0.7 

Vent (3) (013)/Tank 


04 


2 

0.8 



0.4 



0.4 



04 


Feed (3) (014)/Tank 


03 


2 

07 



03 



03 


"" 

0.3 


















































































TOTAL ] 



600 



8X6 



5X2 



71 1 



61.8 


WEIGHT (LB) 



TABLE D-7; FLOX SYSTEM WEIGHTS 



CONFIGURATION NUMBER 


VENT 


Line 5 08 x .089 cm (.028 kg/cm) 


Fla 


Solenoid Valves 3.6 kg/ea. 


Disconnect Valves 1 36 ka/eo. 


Bellows 2 27 kg/ea. 


Supports 20% 


198 cm 


6 


229 cm 


8 


127 cm 

1 41 

6 

036 


203 cm 


6 


FEED 


Line 4.06 x .089 cm 


Flanges 


Bellows 


Shut-Off Valve 


Supports 



( 026 kg/cm) 


.045 kg/ea. 


1.81 kg/ea. 


3.4 kg/ea 


20 % 


63.5 cifi 


3 


j Manifold 6.35 x ,089 cm (.0349 kq/c 

I f7H ~ 


Line 3.81 x .051 cm (.012 kg/cm) 


[ Flanges 027 kg/e a. 

| Bellows 1.73 kg/ea. 


Fill Valve 

3.18 

Disconnect Valve 

1.14 

Supports 

20% 


TANK OUTLET AWEIGHT 


Vent (3) .059 kg/Tank 


Feed (3) .064 k 



! 

TOTAL l 






























































































































































TABLE D-8: PNEUMATIC CONTROL AND PRESSURIZATION WEIGHTS 
















































































TABLE D-8: PNEUMATIC CONTROL AND PRESSURIZATION WEIGHTS 





















































































TABLE D-9 




























































































































TABLE D-9:' LH 2 SYSTEM WEIGHTS 
















































































































TABLE D-10: LF 2 SYSTEM WEIGHTS 


■ 

CONFIGURATION 1 

QTY 



QTY 

1-2B 

ma 

1=1 

QTY 

1-7 

QTY 

1-14 1 

VENT 



53.6 



46 3 



35 3 



22 0 



22.7 

Line 2 00 x 0 035 (0.0613 Ib/m.) 

195 in 

12.0 


180 in. 

11.0 


115 in 

70 


25 in 

1 5 


35 in 

2.1 


Flanges 0.1 3 Ib/ea. 

13 

1 7 


12 

1 6 


11 

1.4 


6 

08 


6 

0.8 


j Solenoid Valves 8 Ib/ea. 


8.0 



80 



80 



8.0 



8.0 


Disconnect 3 Ib/ea 


3.0 



30 



3.0 



3.0 



30 


Bellows 5 Ib/ea 

4 

20i0 


3 

15.0 


2 

Yo.o 



50 
3.7 " 



50 


Supports 20% 


&9 



7 7 



5.9 





3.8 


' 













■Isa 



FEED 



485 



649 



44.8 



16 3 



35 5 

Line 1 60 x 0.035 (0.0497 Ib/m.) 

35 in. 

1 7 


65 in 

3.2 


SO in 

25 


35 in 

1 7 

■SB 

105 in. 

52 

i 

Manifold 2.50 x 0.035 (0 0769 Ib/in 

175 in. 

13.4 


175 in. 

13.4 


125 m 

9.6 


- 


| 



j 

Flanges 0.1 1 1 Ib/ea. 

4 

0.4 


3 

0.3 


2 

0.2 


4 

0.4 

■ I 

8 

09 


a 153 Ib/ea. 

9 

1.4 


11 

1.7 


10 

1.5 


- 


| 

- 



Bellows-Faad 4 0 Ib/ea. 


4.0 



4.0 



4.0 



1231 


4 

16.0 


Shut-off Valve 7.5 Ib/ea. 


7.5 



75 



7.5 



■OH 



75 


Supports 20% 


8.1 



10.8 



7.5 



27 



59 


Bellows-Manifold 6.0 Ib/ea. 

2 

12.0 


4 

24.0 


2 

120 


- 



- 

|$00$$ 


















FILL 



178 



16.8 



17.8 



17.0 


| 

17 3 

Line 1 50 x 0.020 (0 0264 Ib/m) 

50 in 

1.3 


20 in 

0.5 


50 

1.3 


25 in 

07 


35 in 

0.8 


Flanges 0.060 Ib/ea. 

4 

0.2 


3 

0.2 


3 

02 


4 

0.2 


■m 

02 

|| 

Bellows 3.8 Ib/ea 


3.8 



3.8 



3.8 



38 


E 

38 


Fill Valve 7.0 Ib/ea 


7.0 



7.0 



70 



70 



mam 

usiyifi 

Disconnect 2 5 Ib/ea 


25 



25 



2.5 



25 



mm 


Support 20% 


3.0 



2.8 



3.0 



2.8 



■PTB 


































TANK OUTLET DELTA WEIGHT 



2.6 



26 



1.7 


mm 

09 



09 

Vent (3) (0.13) Ib/Tank 

3 

1.2 


3 

1 2 

fj§ggj|J| 

2 

08 

|||f|| 





04 


Feed (3) (0.1 53) Ib/Tank 

3 

1.4 


3 

1.4 

■ 

2 

mm 

i ■ 



■ 

— 

0.5 



- 





■ | 


S8 
























TOTAL 



122 5 



1306 





996 



562 


76 4 


WEIGHT (LB) 

























































































































































TABLE D-10: LF 2 SYSTEM WEIGHTS 



configuration number ] 

QTY 

1-2A 

QTY 

1-2B 

QTY 

L“ 3 

QTY 

1-7 

QTY 

1-14 

VENT 



24 3 



21.02 



16 03 



9.99 



10 31 

Line 5.08 x .089 cm 1.028 kg/cm) 

495 cm 

5.45 


457 cm 

4.99 


292 cm 

318 


63 err 

0 68 


89 cm 

095 


Flanges 059 kg/ea. 

13 

0.77 


12 

0.73 


11 

0.64 


6 

036 


6 

0.36 


Solenoid Valve 3.60 kg/ea. 


3.63 



3 60 



3.60 



3 60 



3.60 


Disconnect 1.36 kg/ea. 


1 36 



1.36 



1.36 



1 36 



1.36 


Bellows 2.27 kg/ea. 

4 

9.08 


3 

6.81 


2 

454 



2 27 



2.27 


Supports 20% 


404 



3.49 



2.68 



1.68 



1.73 














— 




FEED 



22.10 



29.5 



20 34 



mm 



16.12 

Line 4 06 x .089 cm ( 023 kg/cm) 

89 cm 

0 77 


165 cm 

1.45 


127 cm 

1.14 


89 cm 

0 77 

mmi 

268 cm 

2.36 


Manifold I 035 kg/cm) 

445 cm 

6.08 

_ 

445 cm 

6.08 


318 cm 

4.36 


- 



— 



Flanges .054 kg/ea. 

4 

0.16 


3 

0.14 


2 

009 


4 

0 18 


8 

0.41 


.0695 kg/ea. 

4 

6.36 


11 

0.77 


10 

0.68 





- 



Bellows— Feed 1.816 kg/ea. 


1.82 



1 82 



1.82 



1 82 


4 

1.82 


Shut-Off Valve 3.405 kg/ea. 


3.41 



3.41 



3.41 



3 4^ 



3.41 


Support 20% 


3.68 



4.90 



3.41 



“OT ^ 



2.68 


Bellow*— Manifold 2.72 kg/ea. 

2 

5.44 


4 

10.88 


2 







mm 

















| \ | 

FILL 



8.08 



7 63 



8.08 



7 72 


fpirwi 

7 85 

Line 3.81 x .051 cm (.01 2 kg/cm) 

127 err 

0.59 


50.8 cm 

0.23 


127 cm 

0.59 

MIPm 

63 cm 

0.32 


89 cm 

0.36 


Flanges .0272 kg/ea. 

4 

0.091 


3 

0.091 


3 

0.091 

Higgsi 

4 

0.091 


4 

0091 


Bellows 1.725 kg/ea. 


1.73 



1.73 



1.73 



1 73 



1.73 


Fill Valve 3.178 kg/ea. 


3.18 



3.18 



3.18 



3.18 



3.18 

K9 

Disconnect 1.135 kg/ea. 


1.14 



1.14 



1.14 



1 14 



1.14 


j Supports 20% 


1.36 



1 27 



1 36 



1 27 



1.32 
















— 


TANK OUTLET A WEIGHT 



1.18 



1 18 



0.772 



0.409 


1 

0 409 

Vent (3) .059 kg/tank 

3 

0.54 


3 

0.54 


2 

0.36 



018 



0.18 


Feed (3) .069 kg/tank 

3 

0.64 


3 

0.64 


2 

0.41 

■ ■ 


0.23 



0 23 



































““Total 



55.62 



59 29 



45.22 



25.51 



34 69 













■ 







WEIGHT (KILOGRAMS) 




















































TABLE D-l 1 : PNEUMATIC CONTROL AND PRESSURIZATION WEIGHTS 



CONFIGURATION ] 

1-2A 

1-2B 

1-3 

1-7 

1-14 


QTY 



QTY 



QTY 



QTY 



QTY 



PNEUMATIC CONTROL 



16.0 



16.0 



16.0 



16.0 



16 0 

































Pressurization Delta Weiaht 



16.7 



16.3 



16.4 



17.2 



15.6 

















Lines % x 0.020 0.0085 Ib/in. 

1761 

i. 1.5 


1601 

i. 1.4 


160 ii 

i. 1.4 


200ii 

i 1 7 


105ii 

0.9 


% x 0.020 0.0041 Ib/in. 

25 1 

i. 0.1 


10 i 

i. Neg. 


35 ii 

i. 01 


35 ii 

i 0.1 


40 n 

0.2 


















Fittings 75% 


1.2 



1.1 



1.1 



1.4 



0.8 


















Regulators, Filters, Squib 
















Check Valves & Disconnect 


11.1 



11.1 



11.1 



11.1 



11.1 


(See Table D— 8) 
















































Supports 20% 


2.8 



2.7 



2.7 



2.9 



2.6 
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TOTAL PROPELLANT FEED 



223.7 



230.8 



252.6 



209.1 



170.5 
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WEIGHT (LB) 



WEIGHT (KILOGRAMS) 
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APPENDIX E 


THERMAL TEST RESULTS AND ANALYSIS 

This appendix presents the temperature data obtained in the thermal performance 
tests. The material is organized by test number, in the order discussed in 
Section 2.2.3 of the Volume I document, NASA CR-121103. This material 
supplements the discussion on correlation of analysis and results in Section 2.2.3 
of that document. Figure E-l is a drawing of the test article showing locations 
of the thermocouples discussed in this appendix. 

The analytical models used in the analysis of results, and the temperatures pre- 
dicted by means of these models are also described here. 

Test Results 


Test T-l - This was the first of a baseline test series consisting of Tests T-l, 
T-2 and T-3. The test series was intended to evaluate heat transfer rates of 
the test article with two different warm boundaries and two cryogenic fluids. 

Test T-l used LH 2 in the test tank and guard and ~ 70° F (295°K) water in the 
thermal shroud. 

The temperatures measured at points on the thermal shroud, and the ambient 
temperature are shown in Figure E-2. The temperature spike at 3300 minutes 
was due to an ovei -adjustment of the shroud thermostat. A gradual drift down- 
wards had been noted in the shroud temperatures and in an attempt to correct 
this situation the water heater was activated. 

Figure E-3 shows the temperatuies on the outside of the MLI at the upper edge 
of the test article. These temperatures reflect the fluctuations in the shroud, 
including the spike at 3300 minutes. The MLI surface ranged from one to three 
degrees colder than the shroud as measured by Thermocouple T13. 

Figure E-4 represents the temperatures on the inside of the MLI at the same lo- 
cations as in Figure E-3. These values had become very stable after about 
2600 minutes, indicating thermal equilibrium had been attained. 

Figure E-5 shows temperatures on the exterior of the MLI, across the lap joint. 
Figure E-6 shows the temperatures on the inside of the MLI at the same locations. 
The outside temperatures followed the same general pattern as the shroud except 
with somewhat greater deviations. The inside temperatures were very stable 
except for the period at 3300 minutes. 

Figure E-7 is the temperature of the wet test meter exhaust gas. The heat ex- 
changer, water saturator and wet test meter were located in an environmentally 
controlled room, therefore the gas temperature was expected to remain constant. 
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However, the door was opened several times during the test to make adjustments, 
which accounts for the variations in the plot. 

Figure E-8 gives the pressure in the guard tank and Figure E-9 shows vacuum 
chamber pressure. Normally, when a test series was started, the chamber pumps 
were started on a Friday and allowed to pump over the weekend. A decision 
was then made on the following Monday whether to load the cryogen into the 
tanks or to continue pumping. 

Figure E-10 shows the temperature in the guard tank during the test. 

Test T-2 - This was a repeat of Test T-l except that LN 2 was used in the 

guard and test tanks. The thermal shroud and ambient temperatures are shown 
in Figure E — 1 1 . External and internal MLI temperatures at two locations are 
shown in Figures E — 1 2 through E-15. The external temperatures followed the 
shroud whereas the interna! temperatures were very stable. 

Wet test meter exhaust gas temperature is shown in Figure E-16. Figure E — 1 7 
shows the guard tank pressure. A mistake was made in filling the water mano- 
meter which controlled the guard pressure. This is evident at 1200 minutes, 
where the pressure rose abruptly. 

Figure E-18 shows vacuum chamber pressure and Figure E-19 shows the tempera- 
ture in the guard tank. 

Test T-3 - In this test the fluid in the tanks was LH 2 and the thermal shroud 
was filled with LN 2 to represent the warm boundary temperature of the propul- 
sion vehicle sidewall. The thermal shroud and ambient temperatures are shown 
in Figure E-20. There was no explanation for the discrepancy noted for Thermo- 
couple T-705. 

External and internal MLI temperatures are shown in Figures E-21 through E-24. 
The external temperatures did not reach the shroud temperature in this test, 
instead they were approximately 25°F (14°K) warmer. 

Temperature of the wet test meter exhaust gas is shown in Figure E-25. Figures 
E-26 and E-27 show altitude chamber and guard tank pressures, respectively. 
Figure E —28 gives the temperature data in the guard tank. 

Test T-4 - This was a repeat of Test T-l, after the simulated launch loads 
were applied to the test article. Thermal shroud and ambient temperatures are 
shown in Figure E-29. 

The temperatures on the external surface of the MLI in Figure E-30 follow the 
shroud temperatures. Internal MLI temperatures are shown in Figure E —3 1 . 
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Figure E-32 shows temperatures on the aluminum tubing framework. These temp- 
eratures are reasonably uniform regardless of location. T-45 was located on a 
different part of the framework than the other thermocuples shown. 

Figures E-33, E-34, and E-35 show wet test meter gas temperature, altitude 
chamber pressure and guard tank pressure, respectively. Figure E-36 gives the 
temperatures in the guard tank. 

Test T-5 - The test article was modified to add a fiberglass tubular strut con- 

nected between the aluminum framework and the test tank. A cutout of the MLI 
was necessary to attach the strut to the framework. The strut was equipped with 
a heater at the outboard (warm) end and was instrumented with thermocouples 
for about one -ha If its length. 

Thermal shroud and ambient temperatures are shown in Figure E-37. The external 
and internal surface temperatures of the MLI are presented in Figures E-38 and 
E-39. The inner surface reflected the effects of the MLI penetration at the strut 
location, as evidenced by T —41 6, T-415 and T —413 . The influence of the strut 
heater is evident at approximately 3100 minutes. 

Figure E-40 shows the temperatures on the aluminum framework. The effect of 
heater activation at 3100 minutes is very apparent in this figure. Thermocouple 
T-45 was located on an adjacent framework member and was used as a control 
for application of heater power. 

Figure E —4 1 shows the temperature distribution along the fiberglass strut. The 
thermocouple nearest the heater (T —41 ) reflected the addition of heater power 
at 3100 minutes as was expected. This effect was essentially "washed-out" at 
Thermocouple T-43. 

Figure E-42 shows the heater power settings. 

Figures E-43, E-44 and E-45 show gas temperature at the wet test meter, vacuum 
chamber pressure and guard tank pressure, respectively. Figure E-46 shows the 
guard tank temperature. 

Test T-6 - The test article was modified for this series by adding a stainless 

steel fluid line section. The line connected between the aluminum framework 
and the test tank, and a cutout in the MLI was necessary. The fluid line was 
equipped with a heater at the warm end and was instrumented with thermocouples. 
The test was run with the heaters off during the initial phase, then the heaters 
were activated. 

Figure E-47 shows the thermal shroud and ambient temperatures. 
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Figures E-48, E-49 and E-50 show temperatures on the inside and outside of the 
MLI during the test. In Figure E-48, Thermocouple T— 51 9 was closest to the 
cut in the MLI which was made to represent an assembly joint. This thermo- 
couple was warmer than the other two which were farther away from the joint. 
All of these curves reflect the heater activation point at 5000 minutes. Thermo- 
couple T-55 in Figure E-50 was closest to the pipe penetration and was con- 
siderably warmer than other thermocouples farther away. This location was also 
influenced more by heater activation. 

Figure E —51 shows temperatures on the aluminum framework in the vicinity of 
the line penetration, and at more remote locations. Thermocouple T-532 was 
located farthest away from the penetration. 

Figure E-52 shows the temperature on the fluid line support plate at the warm 
end (T-525) and temperatures along the fluid line. The influence of heater 
activation is evident at 5000 minutes. 

Figure E-53 shows the heater power settings. 

Figures E-54, E-55 and E-56 present wet test meter gas temperature results, 
pressure in the guard tank and vacuum chamber pressure, respectively. 

Test T-7 - This was a repeat of the preceding test, except that LN 2 was the 

fluid rather than Lt^. Figure E-57 shows thermal shroud and ambient tempera- 
tures. 

Figure E-58 shows the external and internal temperatures on the MLI near the 
fluid line penetration. The heaters were not used in this test. Figures E-59 
and E-60 show more MLI temperatures. 

Figure E —6 1 shows temperatures on the aluminum framework. Figure E-62 shows 
the temperature distribution along the fluid line and on the mounting plate 
(T-525) at the warm end. 

Figures E-63, E-64 and E-65 show wet test meter gas temperature, vacuum 
chamber pressure and guard tank pressure, respectively. 

Test T-8 - This test incorporated a new base MLI blanket which was lapped 
over the outside of the sidewall blanket. The joint resembled the top deck lap 
joint of the vehicle final designs described in Volume I. The base section of 
the thermal shroud was isolated from the sidewall section by micarta blocks. 

Warm water was used in the base section and LN 2 was used in the sidewall 
section to represent the flight thermal environment. Figure E-66 shows the 
shroud and ambient temperatures. 
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Figures E -67 and E-68 show MU temperatures on the outside and inside at the 
lap joint location. The heaters were inactive during this test. 

Figure E-69 shows temperatures on the aluminum framework and on the fluid line. 

Figures E-70 and E —71 show the wet test meter gas temperature, the guard tank 
pressure and the vacuum chamber pressure. 

Analysis 


Figures E-72 through E —8 1 illustrate the nodal networks that formed the basis for 
analytical models used for theoretical predictions of temperatures and heat flow 
at the test conditions. Symbolism used throughout the figures is as follows: 


Temperature Nodes 



Thermal Conductor 
With Finite Conductance 


Thermal Conductor With 
Infinite Conductance 
(Zero Resistance) 


The temperature nodes were the points at which temperatures were evaluated. 
Incremental surface areas involved in radiant heat interchange were assumed con- 
centrated at the temperature nodes. The conductance value of each thermal 
conductor was based on the cross section area normal to the heat flow, length 
between temperature node terminals, and thermal conductivity of the segment of 
material represented by that conductor. Where necessary these areas, lengths, 
and conductivities were determined as the appropriate mean values for the con- 
ductor span. 

Radiation connectors, which included the effects of incremental areas, geometric 
view factors, and material emittances upon thermal radiation interchange, were 
not shown in the figures. In general, radiation connectors joined each pair of 
temperature nodes lying on surfaces absorbing or emitting thermal radiation. 

Some radiation connectors, where very small radiative interchange factors would 
have resulted in insignificant heat transfer, were omitted for simplification. 
Radiation through the MU was accounted for in the MU effective conductivity 
property. 

The nodal network representing the basic MU assembly with the original miter 
base joint, shown in Figure E-72, was a two-dimensional network, a simplifi- 
cation made possible by the assumption of axial symmetry of the tank-insulation- 
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shroud assembly. This network was representative of the configuration of Tests 
T-1 through T-7 and was used in the analytical predictions for Tests T-l through 
T-4. 


Figure E-73 shows the nodal network used to analyze the longitudinal joint for 
Tests T-l through T-4 and for Test T-8. The use of a two-dimensional network 
here was based on the assumption of invariance of properties, geometry, and 
boundary conditions along the length of the joint. 

The network used for analyzing typical nylon pin fasteners for Tests T-l through 
T-4 and for Test T-8 is shown in Figure E-74. Axial symmetry about the pin 
centerline was assumed, again permitting the use of a two-dimensional model. 

The figure shows the addition of a one -dimensional model for heat flow through 
the MLI at a location remote from fastener (or other) influence. This feature 
was added to the fastener analysis to provide an accurate basis for computing 
the net heat flow attributable to the fastener and for checking the adequacy of 
the fastener model in isolating the fastener influence. Results of the remote - 
location one -dimensional analysis were also used as baseline values for assessing 
longitudinal joint incremental heat flow. 

The nodal network used for analyzing the strut penetration for Tests T-5, T-7 
and T-8 is shown in part in Figure E-75. For the purpose of these analyses, 
the MLI surrounding the penetration was divided into 3 layers, each one node 
thick, in the same manner as for the basic MLI of Figure E-72. These layers 
are shown schematically in Figure E-75 and are illustrated as a developed view 
in Figure E-76. Note that the strut itself is considered a one -dimensional con- 
ductor and that the nodes on the inner surface of the strut MLI were identical 
to the strut nodes, consistent with the assumptions made for this model. Heat 
flow between the main MLI and the strut attach pad, the strut bracket, and the 
upper strut end fitting was assumed to occur by radiation only; hence, no con- 
ductors were shown connecting the main MLI and the strut heat flow path. The 
symmetry of the strut MLI permitted representing all circumferential conductors 
with a set lying on only one-half of the MLI tube. 

The nodal network for the plumbing line penetration, used in analyzing tests 
T-6, T-7 and T-8, is illustrated in Figures E-77 and E-78, in a manner similar 
to the strut penetration network in the two previous figures. In the case of the 
plumbing line penetration, conduction paths were assumed to exist between the 
main MU and the plumbing line MLI. Therefore, the diagram included a sub- 
network representing the joint resistances between these two components. In a 
manner similar to the strut and strut MLI network, the nodes on the plumbing 
line MLI inner surface were identical to the plumbing line nodes. 

The nodal network for the basic MLI assembly with the lap base joint made ex- 
tensive use of the network for the original basic MLI configuration. The network 
for the revised joint, used for the analysis of Test T-8, is shown in Figures E-79 
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through E-81. In addition to the obvious changes in the MU network and the 
inclusion of the base joint support assembly, the model for Test T-8 also differed 
from that of the earlier tests in that the shroud side wall and base, having dif- 
ferent temperatures, could no longer be represented by a common node. 

Tbe predicted steady state temperatures from the thermal analyses are listed in 
Tables E-l through E-13. The node identification is that used on the diagrams 
of the nodal networks. Figures E-72 through E-81. 


Details of both the computed and the measured heat flow results are presented 
in Table E — 1 4 . This table is a more detailed version of the heat flow summary. 

Table 2.2-2 of the Volume I report. The analytical basic heat flow (Q^.^), 

the additional heat flow due to the longitudinal joint (AQ, , , ), and the 

. 1 Long. Joint 

additional heat flow due to the fasteners ( A Q r , ) were all evaluated at 

Fasteners 

the inner suiface of the main MU. 


The predicted additional heat flow associated with the strut penetration (AQ^ ) 
consisted of three components. The first two, the heat conducted into the strut 
itself and the heat conducted into the strut MU, were evaluated at the inter- 
section of the plane of the main MLI inner surface with these components. The 
third component of the incremental heat flow was the additional heat radiated 
from the inner surface of the main MLI, that heat having entered the MLI by 
radiation or conduction at the opening for the strut bracket. 


The predicted additional heat flow due to the plumbing line ( AQ... i ) 

, . Plumb. Line 

penetration was synthesized from three components in a manner very similar to 

that for the strut heat flow. The entry in Table E — 1 1 for heat conducted into 

the plumbing line includes that heat transfer by radiation in the line interior 

at the heat flow evaluation plane. 

Examination of the three components of incremental heat flow in the case of the 
strut and plumbing line penetrations permitted limited assessment of the effective- 
ness of the insulation designs for those components. The heat conducted into 
the penetrating member (strut or plumbing line) and into its MLI were interrelated 
and depended upon the length, cross-section area, and conductivity of the mem- 
ber and upon the thickness of the MLI wrap. The additional heat radiated by the 
main MLI, on the other hand, was primarily a function of the design at the 
penetration. 

The advantage of the low conductivity strut material was quite evident, while 
the strong heat leak contribution of the relatively heavy metal plumbing line was 
also clear. Because of the high conductance of the plumbing line, most of the 
heat conducted into its upper end probably continued through the length of the 
line. Therefore, there appeared to be little advantage to increasing the thick- 
ness of the plumbing line MLI. Insulation of the plumbing line from the structure 
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at its support points and increasing the length of insulated line inside or outside 
the main ML! assembly would have reduced the heat leak. 


In cases of tests with no applied heat, it was seen that the additional heat 
radiated from the main MU was greater near the strut than near the plumbing 
line, even th ough the plumbing line penetration required a larger opening. 

The difference was probably due to the extension of the plumbing line MLI through 
the opening in the main MU and indicated an advantage of this feature. 


The total measured heat flow (Q^ ) was computed from two components. Part 

of the heat reaching the test vesse^ a was absorbed in vaporizing the liquid cryo- 
gen and is identified as . The remainder of the heat, acted to 

raise the temperature of the resulting gas prior to its discharge from the insulated 
part of the system. The sum of Qy a and Q^y constituted the total measured 
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Table E-l : PREDICTED STEADY STATE TEMPERATURES TEST T-l & T-4, 

BASIC MU ASSEMBLY 

Boundiry Nodes (Temperatures Input) 



Table E —2 : PREDICTED STEADY STATE TEMPERATURES TEST T-l & T-4, 
MLI LONGITUDINAL JOINT 


* Boundary Node* (Temp. Input) 






























































































































































































































































































































































































































































































































Table E -3 : PREDICTED STEADY STATE TEMPERATURES TEST T-l & T-4, 
FASTENER AND SURROUNDING MU 


NOOES I TEMPERATURE 


‘Boundary Nodes (Temp. Input) 


NODE TEMPERATURE NOOE | TEMPERATURE 


T1 

290 

101 1 

T26 

492 

273 4 

mm 

403 

223 8 

T2 

341 

169 5 

T26 

526 


T48 

451 

250 8 

_EL_ 

401 

2228 

T27 

269 


T49 

492 

273 4 

T4 

450 

250 0 

T28 

342 

190.1 


B27 

292.8 

T6 

491 

272 8 

T29 

403 

223 8 

TBI 

268 

143 3 


Table E-4: PREDICTED STEADY STATE TEMPERATURES TEST T-2, BASIC MU ASSEMBLY 

’ Boundary Nodes (Tempi Input) 


NODE | TE MPERATURES 


NOOE TEMPERATURES 
I °K 


NODE I TEMPERATURES 


227 









































































































































































































































































































































Table E-5: PREDICTED STEADY STATE TEMPERATURES TEST T-2, MLI LONGITUDINAL JOINT 

* Boundary Node {Temp Input) 


NODE 

TEMPERATURE 

NODE 

TEMPERATURE 

NODE 

TEMPERATURE 

NODE 

TEMPERATURE 

CC 

o 

°K 

°R 

°K 

°R 

°K 

°R 

°K 

T1 

529 

293 9 


279 

■ 

T55 

344 

195 6 

T82 

389 

216.1* 

T2 

500 

277 8 

T29 

527 

ns 

T56 

281 


T83 

336 

186.6* 

T3 

468 

260.0 

r T30 

499 

277.2 

T57 

msm 

Hfllilfi 

T84 

263 

146 1 

T4 

431 

240 6 



260.6 

T58 


277 2 

T85 

529 

293 9 

T5 

387 

215 0 



242.2 

T59 

468 

260 0 

T86 

501 

278 4 


333 

185.0 

T33 

392 

217.9 

T60 

433 

240.5 

T87 

468 

260 0 


259 

143.9 

T34 

343 

195.0 

T61 

391 

2173 

T88 

431 

240 6 

T8 

529 

293.9 

T35 

280 

1556 

T62 

343 

195 0 

T89 

387 

215 0 


500 

277.8 

T36 

527 

292.8 

T63 

281 

1562 

T90 

333 

185.0 


469 

260.6 

T37 

499 

277 2 

T64 

527 

292.8 

T91 

259 

143 9 

Til 

433 

241.8 

T38 

469 

260.6 

T65 

499 

277.2 


526 

293.9 


390 

216 7 

T39 

434 

242.2 

T66 

468 

260 0 

T93 

499 

277 2 


337 

187 2 

T40 

392 

217.9 

T67 

sgsm 

241.2 


469 



263 

146.2 

T41 

343 

195.0 

T68 

Mb 

217 3 

T95 

434 


T15 

527 

292.8 

T42 

281 

155.0 

T69 

342 

1900 

T96 

499 


T16 

500 

277.8 

T43 

527 


T70 

280 

155 6 

T97 

469 

260 6 

T17 

469 

260.6 

T44 

499 


Si 

527 

292 8 

T98 

433 

240 5 

T18 

433 

241.8 

T45 

469 

260.6 

EES 

500 

277 8 

T99 

392 

217.7 

T 19 

391 

217.3 

T46 

433 

240.5 

T73 

468 

ss 


344 

195 6 


341 

189.5 

T47 

392 

217 9 

T74 

432 



282 

1556 


278 

1545 

T48 

344 

195 6 

T75 

391 

217 3 


391 

217.3 


527 

292.8 

T49 

281 

156.2 

T76 

340 

188 9 


343 


T23 

499 

277 2 

T50 


292.8 

T77 

— 

153.9 


532 


wmfzm 

469 

260 6 

T51 

i 

277.2 

T78 

mEmm 

293 9 

T105* 

140 

77.8 

jBfS 

434 

242.2 

T52 

469 

260 6 


500 

277 8 




T26 

392 

217 9 

T53 

433 

240.5 


468 





T27 

342 

190 1 

T54 

392 

217.9 


432 

241 2 





oo 

-o 
































































































































































































Table E-6: PREDICTED STEADY STATE TEMPERATURES TEST T-2, 
FASTENER AND SURROUNDING MLI 

* Boundary Nodes (Temperatures Input) 


NODE TEMPERATURE 
°R I °*C 


NODE TEMPERA TURE 
°R 


NODE TEMPERATURE 

~ r~°*r 


T39 

263 

146 2 

T40 

346 

191 7 

T41 

406 

2251 

T42 

462 

261 1 

T43 

492 

273 3 

T44 

627 

292 8 

T46 

263 

146 2 

T46 

346 

191 7 


Table E-7: PREDICTED STEADY STATE TEMPERATURES TEST T-3, BASIC MLI ASSEMBLY 

* Boundary Nodas (Tamparaturai Input) 


TEMPERATURE | NODE I TEMPERATURE 


NODE | TEMPERATURE 




131 

72 7 

T41 

89 0 

49 5 

111 

61 6 

T42 

83 1 

48 1 

91 0 

606 

T43 

137 

76 1 

130 

72 2 

T44 

129 

71 8 

37 0 

206 

T73 

73 6 

40 8 

140 

77 8 

T76 

129 

71 6 

70 3 

39 1 

T77 

129 

71 6 


91 












































































































































































































































































































































































Table E-8: PREDICTED STEADY STATE TEMPERATURES TEST T-3 & T-8, MU LONGITUDINAL JOINT 


* Boundary Nodes (Temperatures Input) 


NODE 

TEMPERATURE 

NODE 

TEMPERATURE 

NODE 

TEMPERATURE 

NODE 

TEMPERATURE 


°R 

°K 


°R 

°K 


°R 

°K 


°R 

°K 

T1 

138 

75.5 

T23 

130 

72 2 

T45 

125 

69 5 

T67 

121 

67.2 

T2 

131 

72.7 

T24 

125 

69 5 

T46 

121 

67 2 

T68 

116 

645 

- Ii_ 

1Z6 

700 

T25 

121 

67 2 

T47 

116 

645 

T69 

110 

61.1 

T4 

120 

66 7 

T76 

116 

645 

T4B 

111 

61 6 

T70 

105 

584 

T5 

115 

619 

T27 

in 

61 6 

T49 

106 

589 

T71 

134 

74 5 

T6 

108 

60 0 

T28 

105 

58.4 

T50 

134 

74 5 

T72 

130 

72.2 


102 

566 

T29 

134 

74 5 

T51 

130 

72 2 

T73 

125 

69 5 


136 

75 5 

T30 

130 

72.2 

T52 

125 

69 5 

T74 

121 

67 2 

T-) 

U1 

72.7 

T31 

125 

69 5 

T53 

121 

67 2 

T75 

115 

640 

TIO 

126 


T32 

121 

67 2 

T54 

176 

645 

776 

no 

61 1 

Til 

121 

IKiEHl 

T33 

116 

64 5 

T55 

in 

81 6 

T77 

105 

584 

T12 

115 

63 9 

T34 

111 

61 6 

T56 

106 

58.9 

778 

138 

755 

T13 

109 

60 6 

T35 

106 

600 

T57 

134 

msam 

T79 

131 

72 8 

TJ4_ 

103 

57 2 

T36 

134 

74 5 

T58 

130 

S;i3 

TBO 

126 

700 

T15 

134 

74 5 

T37 

130 

72 2 

T59 

125 

■RISE 

T81 

120 

667 

T16 

130 

72 2 

T38 

125 

69 5 

T60 

121 

67 2 

T82 

115 

640 

T17 

125 

69 5 

T39 

121 

67 2 

T61 

116 

645 

T83 

109 

605 

T18 

121 

67 2 

T40 

116 

64 5 

T62 

111 

61 6 

T84 

103 

67 2 

T19 

116 

64 5 

T41 

111 

61 6 

T63 

106 

58.9 

T8S 

136 

786 

T20 

110 

61 1 

T42 

106 

600 

T64 

134 

74 5 

T86 

131 

72.7 

T21 

105 

58.4 

T43 

134 

74 5 

T65 

130 

72 2 

TB7 

126 

700 

T22 

134 

74 5 

T44 

130 

72 2 

T66 

125 

69 5 

T88 

120 

66 7 










T89 

114 

63.3 

T94 

125 

69 5 

T98 

121 

67 2 

T102 

116 

64 5 

T90 

108 

600 

T95 

121 

67 2 

T99 

116 

64 5 

T103 

111 

61 6 

T91 

102 

56.6 

T96 

130 

72 2 

T100 

111 

61 6 

T104* 

140 

77 8 

T92 

134 

74 5 

T97 

125 

69 5 

T101 


58.9 

T105* 

37 

206 

T93 

130 

72.2 


Table E-9: PREDICTED STEADY STATE TEMPERATURES TEST T-3, FASTENER AND SURROUNDING MU 

* Boundary Nodn (Tompenturm Input) 


NODE 

TEMPERATURE 

NODE 

TEMPERATURE 

NODE 

TEMPERATURE 


°R 

°K 


£t 

O 

°K 


°R 

°K 


111 

61 6 

T25 

127 

70 6 

T47 

115 

829 


112 

622 

T26 

132 

73 3 

T48 

121 

678 


117 

65 0 

T27 

102 

566 

T49 

127 

706 

T4 

122 

67 8 

T28 

109 

605 

T50 

133 

729 

T5 

127 

706 

T29 

116 

645 

T51 

101 

661 

TC 

130 

722 

T30 

122 

67 8 

T52 

108 

600 

T8 

110 

61 1 

T31 

127 

706 

T53 

116 

629 

T9 

112 

622 

T32 

133 

729 

T54 


67.3 


117 

65 0 

T33 

102 

566 

T55 

127 

786 


122 

67 8 

T34 

109 

605 

T56 

133 

729 


127 

70 6 

T35 

115 

629 

T60 

111 

61 6 


130 

72.2 

T36 

121 

67 3 

T61 

112 

622 


106 

589 

T37 

127 

70.6 

T62 

112 

62.2 

T16 

111 

61 6 

T38 

133 

729 

T63 

112 

622 


116 

645 

T39 

101 

56 1 

T64 

130 

722 


122 

67 8 


109 

605 

T66 

131 

72 8 


127 

70 6 

T41 

115 

63.9 

T86 

131 

728 


132 

73 3 

T42 

12 1 

67 3 

T67 

131 

72.8 


104 

57 8 

T43 

127 

70.6 


37 0 

206 


110 

61 1 

T44 

133 

73.9 


140 

77 8 


116 

645 

T45 

101 

581 




T24 

122 

67 8 

T46 

108 

680 
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Table E — 1 2 : PREDICTED STEADY STATE TEMPERATURES TEST T-7, 
PLUMBING LINE AND SURROUNDING M.LI 


* Boundary Node*- T«mp Input 
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Table E — 1 3 : PREDICTED STEADY STATE TEMPERATURES 
JOINT SUPPORT RINGS 


TEST T-8, BASIC MU ASSEMBLY, INCLUDING BASE 


Boundary Nodes — Temp. Input 





































































































































































































































TABLE E-14: HEAT FLOW DETAILS 



Included to Q. 
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Time— Minutes 

FIGURE E— 2: TEST *1 -TEMPERATURES 
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FIGURE E— 15: TEST *2 - TEMPERATURES 
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FIGURE E-28: TEST *3 - TEMPERATURES 
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FIGURE E- 


: TEST *4 - TEMPERATURES 


i A. 





Pressure Temperature 









Temperature 


























Temperature Temperature 















































35 ( 


SSURE 













Pressure 
























Temperature 







Temperature 



0 500 1000 1500 2000 2500 3000 3500 4001 


Time ~ Minutes 



Time ~ Minutes 


KJ 

So FIGURE E-49: TEST *6 - TEMPERATURES 
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FIGURE E-63: TEST *7 - TEMPERATURE 



FIGURE 64: TEST *7 - ALTITUDE CHAMBER PRESSURE 
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FIGURE E-70 





















SHROUD WALL 



FIGURE E-72- NODAL NETWORK - BASIC Mil ASSEMBLY, MITER BASE JOINT 
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SHROUD WALL 


FIGURE E-74- NODAL NETWORK - TYPICAL NYLON FASTENER AND SURROUNDING MLI 
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FIGURE E -77. NODAL NETWORK - PLUMBING LINE ASSEMBLY AND SURROUNDING MLI 
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FIGURE E-78- NODAL NETWORK - MLI IN VICINITY OF PLUMBING LINE PENETRATION 
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SHROUD WALL 



FIGURE E-79- NODAL NETWORK - BASIC MLI ASSEMBLY, UP BASE JOINT 
270 



SHROUD BASE 

FIGURE E-80: NODAL NETWORK - MLI LAP BASE JOINT 
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FIGURE E-81 


272 


DISTRIBUTION LIST FOR FINAL REPORT 
NAS3-13316 Boeinq CR 121104 Vol. II 


NO. OF 

COPIES RECIPIENT 

National Aeronautics & Space Administration 
Lewis Research Center 
21000 Brookpark Road 
Cleveland, Ohio 44135 
1 Attn Contractinq Officer, MS 500-313 
5 E. A Bourke, MS 500-205 

1 Technical Report Control Office, MS 5-5 

1 Technology Utilization Office, MS 3-16 

2 AFSC Liaison Office, 501-3 

2 Library 

1 Office of Reliability & Quality Assurance 

MS 500-211 

1 J. W. Gregory, Chief, MS 500-203 

3 JR. Barber, Pro|ect Manaqer, MS 500-203 

1 D. Petrash, MS 500-204 

1 A. V. Zimmerman, MS 500-318 

1 N T Musial, MS 500-113 

1 Director, Physics & Astronomy Proqrams, SG 
Office of Space Science 
NASA, Headquarters 
Washington, D.C. 20546 

1 Director, Planetary Proqrams, SL 
Office of Space Science 
NASA Headquarters 
Washmqton, D. C. 20546 

1 Director, Manned Space Technology Office, RS 
Office of Aeronautics & Space Technology 
NASA Headquarters 

Washmqton, D. C. 20546 

2 Director Spoce Prop and Power, RP 
Office of Aeronautics & Space Technology 
NASA Headquarters 

Washington, D. C. 20546 

1 Director, Launch Vehicles & Propulsion, SV 
Office of Space Science 
NASA Headquarters 
Washington, D. C. 20546 

1 Director, Materials & Structures Div. RW 
Office of Aeronautics & Spoce Technology 
NASA Headquarters 
Washington, D.C. 20546 

1 Director, Advanced Proqrams, MT 
Office of Manned Space Flight 
NASA Headquarters 
Washington, D. C. 20546 


COPIES RECIPIENT 

1 National Aeronautics & Spoce Administration 
Ames Research Center 
Moffett Field, California 94035 
Attn Library 

1 National Aeronautics & Space Administration 
Flight Research Center 
P.O. Box 273 
Edwards, Californio 93523 
Attn Library 

1 Director, Technology Utilization Division 
Office of Technology Utilization 
NASA Headquarters 
Washington, D.C. 20546 

1 Office of the Director of Defense 
Research & Engineering 
Washington, D. C. 20301 

Attn Office of Asst. Dir. (Chem Technology) 

1 Office of Aeronautics & Space Technology, R 
NASA Headquarters 
Washington, D. C. 20546 

10 NASA Scientific and Technical Information Facility 
P. O. Box 33 

Colleqe Park, Maryland 20740 
Attn NASA Representative 

1 National Aeronautics & Space Administration 
Goddard Space Flight Center 
Greenbelt, Maryland 20771 
Attn Library 

] National Aeronautics & Space Administration 
John F . Kennedy Space Center 
Cocoa Beach, Florida 32931 

Attn Library 

] National Aeronautics & Space Administration 
Langley Research Center 
Lanqley Station 
Hampton, Virginia 23365 
Attn Library 

Notional Aeronautics & Space Administration 
Lyndon B Johnson Space Center 
Houston, Texas 77001 
] Attn Library 

1 W. Chandler 

1 W. Dusenberry 

] C. Vodzis 


273 


NO. OF 

COPIES RECIPIENT 

National Aeronautics & Space Administration 
George C. Marshall Space Flight Center 
Huntsville, Alabama 35912 
1 Attn Library 

1 J. M. Stuckey 

1 I . G . Yates , 

1 E. H. Hyde 

Jet Propulsion Laboratory 
4300 Oak Grove Drive 
Pasadena, California 91103 
1 Attn Library 

1 L Stimson 

1 J Kelly 

1 R . Breshears 

1 Defense Documentation Center 
Cameron Station 
Building 5 
5010 Duke Street 
Alexandria, Virginia 22314 
Attn TISIA 

1 RTD (RTNP) 

Bolling Air Force Base 
Washington, D. C. 20332 

1 Arnold Engineering Development Center 
Air Force Systems Command 
Tulluhoma, Tennessee 37389 
Attn Library 

] Advanced Research Pro|ects Agency 
Washington, D C. 20525 
Attn Library 

Aeronautical Systems Division 
Air Force Systems Command 
Wright-Potterson Air Force Base 
Dayton, Ohio 45433 
] Attn Library 
1 AFML (MAAE) 

) AFML (MAAM) 

1 Air Force Rocket Propulsion Laboratory (RPM) 
Edwards, California 93523 
Attn Library 

1 Air Force FTC (FTAT-2) 

Edwards Air Force Base, California 93523 
Attn Library 

1 Air Force Office of Scientific Research 
Washington, D. C. 20333 
Attn Library 


NO. OF 

COPIES RECIPIENT 

1 Space & Missile Systems Organization 
Air Force Unit Post Office 
Los Angeles, Californio 90045 
Attn Technical Data Center 

1 Office of Research Analyses (OAR) 

Holloman Air Farce Base, New Mexico 
Attn Library 

1 U.S. Air Force 
Washington, D.C. 

Attn Library 

1 Commanding Officer 

U.S. Army Research Office (Durham) 
Box CM, Duke Station 
Durham, North Carolina 27706 
Attn Library 

1 Bureau of Naval Weapons 
Department of the Navy 
Washington, D.C. 

Attn Library 

1 Director (Code 6180) 

U.S. Naval Research Laboratory 
Washington, D.C. 20390 
Attn Library 

1 Picatinny Arsenal 

Dover, New Jersey 07801 
Attn Library 

1 Air Force Aero Propulsion Laboratory 
Research & Technology Division 
Air Force Systems Command 
United States Air Force 
Wright-Potterson AFB, Ohio 45433 
Attn APRP (Library) 

1 Electronics Division 

Aerojet-General Corporation 
P . O . Box 296 
Azusa, California 91703 
Attn Library 

1 Space Division 

Aerojet -General Corporation 
9200 East Flair Drive 
El Monte, California 91734 
Attn Library 

1 Aerojet Ordnance and Manufacturing 
Aerojet-General Corporation 
11711 South Woodruff Avenue 
Fullerton, California 90241 
Attn Library 


88330 


274 


NO. OF 
COPIES 


RECIPIENT 


NO. OF 
COPIES 


RECIPIENT 


1 Aerojet Liquid Rocket Company 
P. O. Box 15847 
Sacramento, California 95813 
Attn Technical Library 2484-201 5A 

1 Aeronutronic Division of Philco Ford Corp. 
Ford Road 

Newport Beach, California 92663 
Attn Technical Information Department 

1 Aerospace Corporation 
2400 E. El Segundo Blvd. 

Los Anqeles, California 90045 
Attn Library-Documents 

Arthur D. Little, Inc. 

20 Acorn Park 

Cambridqe, Massachusetts 02140 
1 Attn Library 
] R. B. Hinckley 

J Astropower Laboratory 

McDonnell-Douqlas Aircraft Company 
2121 Paularmo 

Newport Beach, California 92163 
Attn Library 

1 ARO, Incorporated 

Arnold Enqmeerinq Development Center 
Arnold AF Station, Tennessee 37389 
Attn Library 

1 Susquehanna Corporation 
Atlantic Research Division 
Shirley Hiqhway & Edsall Road 
Alexandria, Virqinia 22314 
Attn Library 

] Beech Aircraft Corporation 
Boulder Facility 
Box 631 

Boulder, Colorado 
Attn. Library 

1 Bell Aerosystems, Inc. 

Box 1 

Buffalo, New York 14240 
Attn Library 

] Instruments & Life Support Division 
Bendix Corporation 
P.O. Box 4508 
Davenport, Iowa 52808 
Attn Library 

1 Boeinq Company 

1625 K Street, N.W. 

Washinqton, D.C. 20006 


1 Chemical Propulsion Information Aqency 
Applied Physics Laboratory 
8621 Georgia Avenue 
Silver Sprinq, Maryland 20910 

1 Chrysler Corporation 
Missile Division 
P.O. Box 2628 
Detroit, Michiqan 
Attn Library 

1 Chrysler Corporation 
Space Division 
P.O. Box 29200 
New Orleans, Louisiana 70129 
Attn: Librarian 

1 Curtiss-Wriqht Corporation 
Wriqht Aeronautical Division 
Woodridqe, New Jersey 
Attn 1 Library 

1 University of Denver 

Denver Research Institute 
P.O. Box 10127 
Denver, Colorado 80210 
Attn. Security Office 

1 Fairchild Stratos Corporation 
Aircraft Missiles Division 
Hoqerstown, Maryland 
Attn Library 

1 Research Center 

Fairchild Hiller Corporation 
Germantown, Maryland 
Attn Library 

1 Republic Aviation 

Fairchild Hiller Corporation 
Farmington, Lonq Island 
New York 

General Dynamics/Convair 

P.O. Box 1128 

San Diego, California 92112 

1 Attn Library 

1 R . Totro 

1 Missiles and Space Systems Center 
General Electric Company 
Valley Forge Space Technology Center 
P. O. Box 8555 
Philadelphia, Pa. 19101 
Attn Library 

1 General Electric Company 

Flight Propulsion Lab. Department 
Cincinnati, Ohio 
Attn- Library 


275 


NO. OF 

COPIES 


RECIPIENT 


NO. OF 
COPIES 


RECIPIENT 


1 Grumman Aircraft Engineering Corporation 
Bethpaqe, Lonq Island, New York 11714 
Attn Library 

1 Honeywell Inc. 

Aerospace Division 
2600 Ridqeway Road 
Minneapolis, Minnesota 55436 
Attn Library 

1 I IT Research Institute 
Technoloqy Center 
Chicaqo, Illinois 60616 
Attn Library 

1 Linq-Temco-Vouqht Corporation 
P. O. Box 5907 
Dallas, Texas 75222 
Attn Library 

Linde-Div of Union Carbide 
P O. Box 44 
Tonawanda, N. Y. 11450 
Attn G. Nies 

1 Lockheed Missiles and Space Co. 

P O . Box 504 
Sunnyvale, Calif. 94088 
Attn Library 
1 R. T. Parmley 

1 Marqucrdt Corporation 

16555 Saticoy Street 
Box 201 3 - South Annex 
Van Nuys, California 91409 

Denver Division 
Martin-Marietta Corporation 
P O. Box 179 
Denver, Colorado 80201 
1 Attn Library 

1 G. C. Skartvedt 

Western Division 

McDonnell Douglas Astronautics 

5301 Bolsa Ave. 

Huntinqton Beach, California 92647 
1 Attn Library 

1 P. Klevatt 

McDonnell Douqlas Aircraft Corporation 
P. O. Box 516 

Lambert Field, Missouri 63166 
1 Attn Library 

1 L. F. Kohrs 

1 Rocketdyne Division 

North American Rockwell Inc. 

6633 Canoqa Avenue 

Canoqa Park, California 91304 

Attn „ Library, Department 596-306 


Space & Information Systems Division 
North American Rockwell 
12214 Lakewood Blvd. 

Downey, California 
1 Attn Library 
1 E. Hawkinson AC10 

1 Northrop Space Laboratories 

3401 West Broadway 
Hawthorne, California 90250 
Attn Library 

1 Purdue University 

Lafayette, Indiana 47907 
Attn Library (Technical) 

1 Goodyear Aerospace Corporation 

1210 Mass! Ion Road 
Akron, Ohio 44306 
Attn C. Shriver 

1 Hamilton Standard Corporation 

Windsor Locks, Connecticut 06096 
Attn Library 

1 Stanford Research Institute 
333 Ravenswood Avenue 
Menlo Park, California 94025 
Attn- Library 

l TRW Systems Inc. 

1 Space Park 

Redondo Beach, California 90278 
Attn Tech. Lib. Doc. Acquisitions 

1 United Aircraft Corporation 
Pratt & Whitney Division 
Florida Research & Development Center 
P. O. Box 2691 

West Palm Beach, Florida 33402 
Attn Library 

1 United Aircraft Corporation 
United Technoloqy Center 
P. O. Box 358 
Sunnyvale, California 94038 
Attn Library 

1 Vickers Incorporated 
Box 302 

Troy, Michiqan 48081 

1 Airesearch Mfq. Div. 

Garrett Corp. 

9851 Sepulveda Blvd 

Los Angeles, California 90009 

Attn- Library 


276 


NO. OF 
COPIES 


RECIPIENT 


NO. OF 
COPIES 


RECIPIENT 


1 Aire«earch Mfq. Div. 

Garrett Corp. 

402 South 36th Street 
Phoenix, Arizona 85034 
Attn Library 

1 Commanding Officer 

U.S. Naval Underwater Ordnance Station 
Newport, Rhode Island 02844 
Attn Library 

1 National Science Foundation, Enqineerinq Div. 
1800 G. Street NW 
Washington, D.C. 20540 
Attn Library 

1 G. T. Schjeldahl Company 
Northfield, Minn. 55057 
Attn Library 

1 General Dynamibs 
P. O. Box 743 
Fort Worth, Texas 76101 

1 Cryonetics Corporation 
Northwest Industrial Park 
Burlington, Massachusetts 01803 

1 Institute of Aerospace Studies 
University of Toronto 
Toronto 5, Ontario 
Att n Library 

1 FMC Corporation 

Chemical Research & Development Center 
P. O. Box 8 

Princeton, New Jersey 08540 

1 Westinqhouse Research Laboratories 
Buelah Road, Churchill Boro 
Pittsburqh, Pa. 15235 

1 Cornell University 

Department of Material Science & Enqr. 

Ithaca, New York 14850 
Attn- Library 

1 Marco Research & Development Co. 

Whittaker Corporation 
151 N. Ludlow Street 
Dayton, Ohio 45402 


1 E. I. DuPont, DeNemours and Company 
Eastern Laboratory 
Gibbstown, New Jersey 08027 
Attn Library 

1 Esso Research & Engineering Company 
Special Projects Unit 
P.O. Box 8 

Linden, New Jersey 07036 
Attn Library 

1 Minnesota Mininq & Manufacturinq Company 
900 Bush Avenue 
St. Paul, Minnesota ,55106 
Attn Library 


1 General Electric Company 

Apollo Support Dept. P.O. Box 2500 
Daytona Beach, Florida 32015 
Attn C . Pay 


277 


